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PREFACE

The Limpopo River Basin is transboundary, spanning the
four southern African countries of Botswana, South Africa,
Zimbabwe and Mozambique. While much of it is arid, with a
highly variable climate that is prone to extreme weather, it is
also known for its wide diversity of landscapes, biodiversity,
wildlife, natural resources and people. The basin contains
enormous mineral wealth and agricultural richness, and plays
an important role in the economy of the region. However,
large parts of the basin are degraded, with densely populated
areas reliant on relatively unproductive agriculture. Many
communities within the basin are impoverished and face
limited access to basic services, such as sanitation and
education, as a consequence of a legacy of political inequality.
Water is scarce in large parts of the basin and polluted in
others. These challenges threaten the ecological heritage
within the basin, and the sustainability of the livelihoods
dependent on it. Population growth and development are
likely to intensify these problems, and are further exacerbated
by climate change.

In recognition of these challenges, the USAID Southern
Africa-funded Resilience in the Limpopo River Basin
(RESILIM) Program, which commenced operation in June
2012, has the overriding objective to improve the resilience
of ecosystems and livelihoods within the basin. The
RESILIM strategy integrates water management, biodiversity
conservation, and adaptations to climate change, with a
view fo building resilience for the long-term sustainability
of the basin. Improving the basin's resilience requires
evidence and action - both of which are supported by the
RESILIM program. This report synthesizes the evidence that
has been developed in order to inform investments in, and
actions for, building resilience in the Limpopo River Basin.

Integrated  systems analysis underpins RESILIM's
approach to developing evidence for action, encapsulated

in this Synthesis Report. Understanding the political and
livelihood economy of the basin - where the balance of
power and decision-making lies - is as critical as deep
insights into the nature of the climate risks for the basin's
people, biodiversity and water. A systems view, in which the
causal links across different components are examined,
looks at how the same approach can deliver multiple
benefits simultaneously. This analysis has made use of the
research tools of spatially-integrated information, modeling
and scenario development, participatory analysis, interviews,
field research, and validation processes. The analytical
outputs facilitate the identification of investments needed
in adaptation and resilience building, as outlined in the
final chapter — Sustaining the Flows - in this water scarce,
transboundary river system.

Target audiences include those
transboundary and local governance, those who make
decisions on natural resource management, and those who
invest in resilience. Readers will learn about the status quo of
the basin, as well as the current and future climate risks for
water, biodiversity and people. The report goes on to provide
some pointers to how higher levels of resilience could be
achieved in ways which protect the basin's natural resource
heritage and livelihoods.

This is not only a product of the report authors, RESILIM
management and USAID. It is the culmination of inputs
from the various and comprehensive aspects of the RESILIM
Program, from numerous stakeholders in the basin, and
particularly from those concerned with protecting the basin's
valuable resources. The authors of this document would like
to sincerely acknowledge the way in which such interactions
have informed and added to the sfory fold here, and hope
that the lessons learned can be applied in ways that benefit
all in the basin.

concerned  with
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EXECUTIVE SUMMARY

Executive Summary

A snapshot of the Limpopo River Basin highlights
existing water scarcity

The Limpopo River Basin is a complex transboundary system
that supports 18 million people across the riparian states of
Botswana, Mozambique, South Africa and Zimbabwe. It is
an important agricultural area, has extraordinary mineral
resources and is exceptionally rich from a biodiversity point
of view. It also contains portions of South Africa's most
important urban and industrial centers. Economic growth is
accelerating in some basin countries, largely underpinned by
developments in the extractive sector, while population growth
and urbanization characterize each of the basin countries.
This is all supported by an essential and increasingly valuable
resource — water. As an increasingly scarce commodity in
the basin, water poses the biggest threat to the livelihoods,
economies and ecosystems of the river basin system.

Particularly visible in the Limpopo River Basin are the tight
cause-and-effect linkages between climate, biodiversity and
water. The basin is mostly semi-arid, with a highly variable
climate, and is periodically exposed fo severe droughts
and floods. It has widely divergent land-use patterns,
ecosystems and social, economic and governance systems.
Its water resources are already over-subscribed; rainfed
agriculture relies heavily on the basin for food production
and livelihoods are largely based on climate-sensitive
natural resources. Home to mostly rural communities,
poverty is prevalent in the basin, with relatively undiversified
economies in some parts, and insufficient public and private
resources being directed to the area. As a result, the basin
is highly vulnerable to shocks such as resource shortages
and climate-related risks.

Resilience is critical in securing a sustainable future

for the Limpopo River Basin

The basin has approached water resource closure (meaning
there is no more water left to allocate), and thus choices
need to be made about the future management of the
Limpopo River Basin system. Decisions need to be taken on
actions that will promote resilience, or strengthen the basin's
ability to recover quickly from disturbances and shocks. The
Limpopo River provides a shared resource between four
countries. Given existing scarcity - likely to be exacerbated by
climate change - this necessitates careful resource allocation
and management. Resilience is increasingly needed at a
fransboundary level, rather than country by country.
Intensive water-related developments, such as irrigated
agriculture  and mining, have dominated economic

development in the basin. There is now litfle water left to
allocate to new activities, while demand for resources
continues to grow. Water resources are also stressed by
other biophysical sub-systems and how these interact. In the
basin, these sub-systems are primarily water, biodiversity and
climate. A change in one sub-system has significant impacts
on the other sub-systems, and often vice versa. The human
interface adds further complexity fo the system, while the
strength of the underpinning governance systems can be a
determining factor of the critical thresholds, or tipping points,
from which there is no return.

Through these drivers of change in the basin, insight into
the particular vulnerability of the Limpopo River Basin - and
why a focus on building resilience is so critical - is gained.
This study atfempts to understand the ability of the basin
- as an infegrated, interactive system - to absorb climate
and development shocks and adapt to these. This is what
will enable the building of resilience in the basin, noting that
a highly vulnerable system is one that is highly sensitive to
modest changes in climate, and one for which the ability to
adapt is severely constrained (IPCC 2000a).

The Limpopo River Basin system comprises complex
biophysical and human sub-systems, all of which interact to
present a composite picture of current levels of resilience.
Put another way, the state of these interactions demonstrates
the basin system's ability (or inability) to absorb shocks, an
important measure of its overall resilience. The objective of
this report and its underpinning studies, therefore, is to inform
resilience building priorities that can be scaled through the
system for maximum basin-wide benefit. The focus is on how
the pace of change needs to be accelerated in key aspects
of the political economy in the system in order to enable
the Limpopo River Basin fo better absorb shocks, increase
overall resilience and avoid tipping points.

Navigating system complexity is facilitated by

integrated analysis

A 'systems' approach is taken in analyzing the complexities
in, and particular vulnerabilities of, the Limpopo River Basin
system. Combined with an analysis of climate risks in the
biophysical system, an examination of the political and
local economy, as well as the institutional arrangements
surrounding the basin system, this approach facilitates an
assessment of whether the human system and governance
mechanisms in the basin are enablers of, or barriers to,
resilience. Accelerating the requisite pace of change is more
readily achievable when the key drivers of development are



understood, how decisions are made, where the balance of
power lies, and fo what extent regional cooperation exists.

Geographical Information Systems (GIS) were used to
map vulnerability, as this methodology captures the spatial
variability of different biophysical, biological (including
extreme weather events such as floods and droughts),
and socio-economic indicators into models of risk and
vulnerability. This analysis revealed an initial set of ten
highly-vulnerable areas. Eight of these, three of which are
transboundary in nature, were selected and validated by
Limpopo River Basin experts as the pilot study group. Each
highly-vulnerable area was analyzed in greater detail, primarily
with a view to establishing solutions and priorities for action.
These detailed analyses of how climate changes cascade
through a system, resulting in biophysical and socio-economic
impacts, identified the most important drivers of vulnerability
in the Limpopo River Basin system.

The combined study methodology components provide an
integrated platform for understanding the basin's current and
future levels of adaptive capacity and ability to build resilience.
Importantly, they highlight where resilience building activities
are needed most and why, assuming that the objective is to
secure the entire basin system.

This synthesis report gathers the evidence, analyzes
the data and presents the results, including graphically,
which will inform a stakeholder-led process for identifying
the adaptation strategies which, if implemented, will build
resilience in the Limpopo River Basin system.

A glimpse into the future is predicated on current

and anticipated vulnerability

By 2025, rapid growth in urban populations and mining and
energy projects is anticipated to place enormous pressure on
the basin's water resources. Growth in irrigation is expected
to remain relatively modest (Ashton, et al, 2008). Ashton
et al. (2008) forecast an increase in water demands in the
Limpopo River Basin of 46% by 2025, with urban demands
rising the fastest. South Africa contains 45% of the catchment
area, but uses 60% of the total water usage (LBPTC, 2010). The
current distribution of water usage will grow increasingly more
difficult to sustain as Botswana, Zimbabwe, and Mozambique
experience rapid urban growth and increase large-scale
national development projects. There is already little water left
to allocate to new activities, but demand continues to grow.
Governance and institutional arrangements in this climate
sensitive transboundary system are another critical driver of
vulnerability. The current situation highlights low adaptive

capacity across the system, heightening the need for building
resilience. Since the Limpopo River Basin is located in the
southern African region, it falls under the Southern African
Development Community's (SADC's) regional-cooperation-
for-development mandate. The recently launched Limpopo
Watercourse Commission (LIMCOM) is the basin's embryonic
river basin organization (RBO) that evolved out of the SADC
structures and mandate. Regional cooperation in SADC
is founded on post-conflict reconstruction, development
and peace-building priorities. At the same time, many
countries in the region are enjoying unprecedented levels of
post-colonial economic growth and thus, in reality, regional
cooperation is characterized by the protection of vested
national interests. However, although the basin's resources
are shared by four substantial economic powers, a shared
vision for managing the basin has not been established and
water benefits are not understood. Treaties and agreements
do not define water allocations and the current transboundary
governance arrangements are not strong enough to promote
the extent of resilience building needed in the basin, now
or in the future. There is, however, dialogue on the concept
of managing the basin's resources more effectively through
shared benefits, but this is unlikely to happen in the absence
of a shared vision and appropriate institutional arrangements
for coordinating this process.

The institutions needed fo reduce vulnerability and
enhance and protect the resource base vary considerably
across sectors and countries in the basin. Policies, while
in existence, are poorly harmonized and implemented.
Poor implementation of policies increases vulnerability and
impacts the basin as a whole. Regional policy dialogue is
largely facilitated by SADC and the Common Market for
Eastern and Southern Africa (COMESA), but interdependent
sectors frequently don't talk to each other.

Analysis indicates that no single regional or national
institution is grappling simultaneously with the three key threats
facing the Limpopo River Basin; water scarcity, declining
ecosystems services, and climate change and variability. The
water sector is significantly more mature; hence water-related
institutional arrangements are far more robust.

Climate interactions with the other important sub-
systems are based primarily on robust, but nonetheless
projected, climate changes. How these will scale through
the biophysical and human system that is the Limpopo
River Basin remains to be seen. What is certfain is that
small changes in climate, for example temperature, can
bring a sub-system to a critical threshold, increasing the
vulnerability of the system as a whole.

EXECUTIVE SUMMARY




EXECUTIVE SUMMARY

The eight highly-vulnerable areas requiring resilience action
highlighted by the mapping process do not just refer fo the
specific locations identified, but also a much broader area
of similarly affected areas - making these highly-vulnerable
areas relevant case study areas that are representative of
broader, or similar issues in the basin. Water scarcity is a
dominant theme across these highly-vulnerable areas,
often exacerbated by high human population density, land
degradation, pollution, and climate-induced floods and
droughts. On the other hand, a biodiversity assessment
indicates that zones of high biodiversity (such as the high
altitude, highly-vulnerable Soutpansberg resilience action
area), while vulnerable, hold the key to improving the
resilience of ecosystems and people within the Limpopo
River Basin. In terms of securing water, and therefore the
basin, protecting the high altitude catchments is a major
priority because of their potential to act as water towers
for the basin. In addition to the Soutpansberg, these are
the Wolkberg, Sekhukune Mountainland, Drakensberg,
Strydpoort, and Waterberg in South Africa, the Tswapong
Hills in Botswana, and Matopos Hills in Zimbabwe.

There are key emerging messages for the

custodians of the Limpopo River Basin

Today, flows in the basin are at risk, and a critical threshold
for livelihoods, economies and biodiversity is fast approaching.
Protecting significant biodiversity has important effects on
water quality, and, when done in high altitude catchment areas,
efforts have the potential of opening and sustaining flows in
the basin. In areas where water is plentiful, biodiversity thrives.
Where biodiversity is intact, water tends to be of high quality.

System resilience and adaptive capacity need to be
addressed in equal measure. In addition to conservation and
restoration efforts, improving adaptive capacity should be a
central strategy - conserving the high altitude catchment
areas entails better legal protection, prevention of habitat
loss, prevention of soil loss and prevention of invasion by
alien vegetation. Noting that economic development is a
primary driver of decision-making in the basin, job creation
through biodiversity conservation is the solution most likely
to ensure the protfection of these zones.

Low adaptive capacity is another common characteristic
of each resilience action area, primarily because of
inadequate planning, infrastructure and weak institutions.
At a livelihood economy level, influences such as low
agricultural productivity and poor infrastructure heighten the
vulnerability of livelihoods and are likely to result in increased

poverty. At a national, political economy level, water pollution
is going unchecked, further exacerbating water scarcity. The
fransboundary political economy is also not coordinated
by strong governance and a shared vision for managing
the basin's resources and the discussion on frade-offs is
not taking place - partly because it is difficult o have this
conversation in the absence of critical analysis.

Securing the Limpopo River Basin requires human

and biophysical system investments and action

The way forward is to develop the key adaptive approaches
for each of the resilience action areas identified in the
vulnerability analysis and representative of related needs in
other parts of the basin, using cost-benefit analysis to help
identify the most appropriate response measures. A basin-
wide investment strategy should emphasize the importance
of water producing areas, which are the sustainers of
resilience since they generate up to 100 times more runoff
per unit area than lower-lying rainfall areas (Middleton and
Bailey, 2008). Maintaining stream flows into lower parts
of the catchment, particularly in the dry seasons, defines
their importance to the water resources of the basin.
This is a strategy that is supported by existing policy and
strategy (South Africa), and is likely to have support from
Botswana and Zimbabwe if increased levels of protection
can be afforded to the Tswapong Hills and the Matopos Hills
respectively.

Improving the health of the basin's biodiversity has the
payoff of conserving ecosystem services (water production
in the dry season), thereby increasing downstream
resilience. Importantly, this approach also has transboundary
ramifications and benefits, in that conserving areas in one
country may lead to increased water flows benefiting countries
downstream, while at the same time relieving pressure on
upstream demands. The high altitude catchments also
house some of the basin's most important biodiversity,
exponentially increasing the social, ecological and financial
returns of investing in resilience in these catchments.

In ferms of extreme weather, priorities lie in further
research and enhanced early warning systems and disaster
preparedness. Seasonal droughts, already a feature of basin
vulnerability, are expected to lengthen and become more
intense. (There is a gap in related basin research in that it
would be useful to understand how atmospheric circulatory
changes and Pacific and Indian Ocean dynamics can be
used to derive improved short to medium ferm projections
of the likelihood of drought) Floods will be unavoidable



and, since it is likely that people will confinue to farm the
floodplains, the most effective response will be to target
how and where settlements are located, how early warnings
are distributed, and what appropriate responses are in the
face of an oncoming flood. Flood mitigation can also take
the form of restored upstream catchments through land
and vegetation repair. Such action is pre-emptive and long-
term, but aims to reduce the magnitude and occurrence
of floods.

Strengthened basin-wide governance and institutional
arrangements are critical to the future of the Limpopo
River Basin and fo achieving the above recommendations.
A shared vision for the basin needs to be facilitated and
informed by socio-economic analysis of the benefits of
water for all riparians, but primarily for the basin as a whole.

Strengthened institutional and regulatory frameworks are
needed for increasing the basin's adaptive capacity, thus
improving resilience. The political and livelihood economies
will need to be brought closer together in basin decisions,
facilitated by a community voice in revised policies and
harmonized policies across basin countries.

Investing in community-based resilience and biophysical
resilience building is a more attractive proposition than
investing in institutions and governance. The former is
generally less risky and easier to manage, creating the
illusion of greater returns. However, securing basin flows for
the future requires adaptive institutions, bold governance
and protected biophysical systems. At the heart of this
study is the finding that water defines the politics, but the
political process has not produced more water.

EXECUTIVE SUMMARY
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Key Messages

Water scarcity poses the greatest threat to
livelihoods, economies and ecosystems of the
Limpopo River Basin

Strong existing demands for surface and groundwater by
agriculture, mining and urban use means that there is little
surplus water for further development. The river basin is
highly sensitive to water shortages.

Water demand is currently so high that the system
has become ‘closed, meaning that there is little
water left to allocate to additional uses or to
growing demand

This places existing flows in the basin at risk, threatening
livelihoods, economies and biodiversity. The only way to avoid
this tipping point is to protect critical biodiversity and what
it represents, thereby opening and sustaining flows in the
basin.

Sufficient access to water is the most important
driver of livelihood vulnerability in the Limpopo
River Basin system

Water scarcity is a common factor in all of the representative
resilience action areas. An analysis of how climate impacts
cascade through a system, from biophysical to socio-
economic impacts, further identifies high human population
density, land degradation, and climate-exacerbated floods
and droughts as the key drivers of vulnerability.

Areas of high vulnerability in the Limpopo River
Basin are likely to remain highly vulnerable unless
adaptive capacity can be substantially improved

The risk and vulnerability mapping has highlighted
numerous problem areas in the basin. Eight of these - three
of which are transboundary in nature - have been selected
as being representative of climate vulnerability beyond their
geographic locations in the basin. A common characteristic
of each is low adaptive capacity, primarily because of
inadequate planning and infrastructure, weak institutions
and dense populations.

There is a strong relationship between water quantity,

quality and biodiversity

In areas where water is plentiful, biodiversity thrives. Where
biodiversity is infact, water tends to be of high quality. Climate
changes, which can include reduced rainfall, are likely fo
negatively affect these relationships through diminished soil
water storage and runoff quality.

The areas which have the highest biodiversity and
levels of endemism are also those high-altitude
areas with the highest rainfall and water runoff per
unit area

The first order of business in securing water-production
and maintaining hydrological functioning in the basin is fo
conserve these zones of high biodiversity, as a means of
securing the important ecosystem service of sustainable
water production. Conservation includes better legal
protection, prevention of habitat loss, prevention of soil loss
and prevention of invasion by alien vegetation.

Biodiversity is more likely to be protected if it
is perceived as a way to create jobs and provide
income

In developing countries, where public budgets are stretched
between social prerogatives perceived to be more-pressing,
biodiversity conservation will only occur if it can provide
jobs and social development. Public works programs are a
powerful tool in this regard.

All water users and all key economic sectors will be
affected strongly by climate change in the future

Climate change projections of rainfall for the basin are
divergent in their outlooks. Ensembles of Global Circulation
Models (GCMs) project strong future warming everywhere,
and either moderate wetting or a strong drying. The
implications of the projections are that climate change will
not help the water scarcity problem in the basin and all water
users will be affected. Severe flooding will still be a feature
of the basin, especially in the Lower Limpopo region. The
‘low regrets' adaptation response should be built around the
strong drying future scenario.



Today, usage of water for irrigation is dominant in
the Limpopo River Basin. However, by 2025, this
pattern will change significantly - with climate

change making water scarcer and scarcer

Expected growth in irrigation is expected to remain relatively
modest, while rapid growth in urban populations, mining and
energy projects is anticipated to place enormous pressure
on basin water resources. Water demand is expected to
increase by 46% by 2025. Climate change will further stress
the system as drying is projected across the basin.

Climate-smart development and restoration
of degraded environments is a long-term but
necessary solution in the Limpopo River Basin
system

Vulnerability mapping indicates that those areas which are
degraded, water scarce and densely populated are most at
risk from adverse climatic events. Low agricultural productivity
and poor infrastructure heightens the vulnerability of
livelihoods and the likelihood of increasing poverty.

Groundwater provides hope for increasing water
supply in the Limpopo River Basin but the
sustainability of the resource is limited by under-
resourced management and enforcement agencies

Effective use of available groundwater is a good short-term
solution in the basin, but good stakeholder engagement
and enforced legislation is urgently needed fo protect the
sustainability of this resource. Legislation for managing
groundwater exists, but is generally not well enforced in the
basin. Additionally, aquifer characteristics and particularly
transboundary aquifers, are not well understood, nor is the
recharge rate, which is essential for sustainable management.

Opening up water flows in the basin is critical but
counterproductive in the absence of cleaning up or
preventing pollutants.

Due to the status quo of the basin, freeing up water flows
adds more water info an already polluted system. Untreated
sewage will only contfaminate 'new' water in the basin.

High levels of pollution in the tributaries of the
Limpopo are threatening communities throughout

the basin, as far downstream as Mozambique

Acid mine drainage from defunct coal mines on the
Mpumalanga Highveld, effluent from industrial processes,
overloaded waste-water treatment plants which release raw
sewerage in the North West, Limpopo and Gauteng region,
as well as agricultural runoff, have created a highly toxic mix
of organic and inorganic pollution.

No single regional or national institution is
grappling simultaneously with the key threats
facing the Limpopo River Basin

Water scarcity, declining ecosystem services, and climate
change and variability form an interactive system in the basin,
requiring coherent, cross-sectoral institutional arrangements
and research. The water sector is significantly more mature;
hence, the related institutional arrangements are far more
robust.

Balancing community needs with a politically
coordinated approach to water scarcity is needed

Vulnerability in communities and ecosystems demands
on-the-ground efforts to build resilience. However, this
must be balanced with an overarching political approach
that encourages transboundary management of the basin's
resources.

A common vision for sharing the benefits of
effective transboundary water management is key
to overcoming the challenge of accelerated water
scarcity

Regional cooperation in SADC is predicated by post-conflict
reconstruction, development and peace-building priorities.
At the same time, many countries in the region are enjoying
unprecedented levels of post-colonial economic growth, and
the protection of national vested interests takes precedence
over regional priorities. Robust institutions to promote
regional cooperation will be needed in the basin to minimize
risk and vulnerability, and ensure water security.

KEY MESSAGES
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As the Limpopo River Basin approaches water resources
closure (there is little water left to allocate to different uses),
choices need fo be made about the future management of
the basin and decisions need fo be taken on actions that will
promote resilience. The basin has been the focus of intensive
water-related developments, such as irrigated agriculture
and mining expansion. Water crowding has reached severe
levels, as has water pollution, indicating water stress. Signs
suggest that this situation will continue to develop through,
for example, a growing population and diversions to mining
activities. Transformation and use of the land surface
will contfinue. Extreme weather events have an especially
detrimental effect on rural, often impoverished, inhabitants,
and this is likely o be exacerbated by possible future
climatic impacts. All of these, and other pressures, point to
declining resilience of livelihoods in the basin. The question
is how this may be ameliorated. Complicating matters is that
adaptation activities must be managed within the context of a
transboundary river basin, such that the stakeholder countries
of Botswana, South Africa, Zimbabwe and Mozambique all
have equitable involvement in management decisions.

This report takes an integrated view of the resources in the
basin, as well as some of the key drivers of change. Water,
climate change and biodiversity are the focus and the basis
for assessing how these elements interact to change the
nature of ecosystem provisioning. The inter-relatedness of
water resources, biodiversity and climate change, as it affects
livelihoods (related to land-use), governance and population
growth, is examined as an inter-linked system. A systems
approach is thus adopted. The nature and spatial distribution
of livelihood vulnerability is documented, with the objective
of finding system-wide adaptations that ease the growing
constraints of too little water in the basin.

Studies such as the Aurecon Monograph (2013) capture
detailed data on the basin's resource base, especially that of
water, whereas the work done in this study seeks fo integrate
information on the basin in a multidisciplinary way — providing
an inferpretive analysis of how this diverse range of sectors
and stakeholders interact and influence water flows. The
approach used encompasses a wide range of primary and
secondary research, expert consultations, peer review and
interaction with stakeholders from across the basin.

The following chapters describe climate change projections,
alongside the nature of some components of biodiversity and
water resource activities indicative of change within the basin.
This is followed by a description of vulnerability mapping and
its outcomes, while the chapter on institutional arrangements
examines the milieu in which water resources and biodiversity
is managed.

In the conclusion, the arguments focus on how water resources

and biodiversity can combine to create a sustainable solution.
Other conclusions are drawn, relating fo adaptations that include
improved management of the environment and aspects of the
political arrangements of decision-making within the basin.

1.1 A systems approach - an integration
of three themes
111 A systems approach

The trajectory of the Limpopo River Basin over time conveys
a picture of increasing difficulty in obtaining sufficient water
fo safisfy the industrial, agricultural, mining, energy and
household needs of all the riparian countries, exacerbated
by increasing environmental degradation and climate
change concerns. In addition, millions of people are trying to
escape poverty, and socio-economic development remains a
prerogative in the region.

It is not surprising that the need to protect national interests,
and the resources these depend on, is so fierce. Growth and
development in the region is predicated by increased mining,
commercial agriculture and energy development activities.
Along with livelihoods and a growing population (for example,
South Africa's population is expected to grow to 66.4m by
2030 (ISS)), these activities all compete for the same resource.

For all intents and purposes, the basin is currently 'closed’
and the water budget, particularly pertaining to the South
African portion, is in deficit (Turton and Ashton, 2008;
Ashton and Turton, 2008). While governments of the basin
have good intentions with regards to sharing water equitably
(as is reflected in their legislation), national plans and actions
indicate otherwise, focusing rather on vested national
interests through strong development initiatives - pushing
the basin into further water crisis.

'‘Systems thinking' is used to examine the infer-
relationships between the different drivers and sub-systems
operating in the basin. Using this approach, alternative
pathways are proposed for increasing sustainability and
resilience, focusing on the infer-relatedness of water
resources, biodiversity and climate change (all critical sub-
systems of the basin system), and how these are managed
for building overall resilience. Furthermore, systems thinking
recognizes that resilience is both critical to, and dependent
on, livelihoods and populations (related to land-use), whilst
governance (including institutional arrangements) is either a
key resilience enabler or barrier.

1 The current South African Government forecast in the National

Development Plan is 58,5m by 2030
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1.1.2 Why water, biodiversity and climate change
in particular?

The extent to which livelihoods and economic development
depend on functioning ecosystem services (water and healthy
biodiversity) and on the effectiveness of the Limpopo River
Basin system is becoming clearer. So foo is the fact that weak
governance structures are a significant barrier to building
resilience - or even just maintaining functional ecosystems
and related services (primarily water). That there is already no
more water left to allocate brings the other major pressures
or drivers - such as climate change and variability, growing
populations and accelerated economic growth - into sharp
focus, as these have the potential to shift the Limpopo River
Basin system (or parts of it) closer to critical thresholds from
which there is no return.

The ftight linkages between water and biodiversity are
evident. Climate variability interactions are also clear; recent
experiences of severe flooding in parts of the basin have
highlighted the knock-on effects for human health, water
availability and sanitation, and have eroded biodiversity
habitats. Linkages with climatic changes are still being
explored and are largely based on uncertain projections.
Chapter 2, 'Vulnerability Mapping and what it tells us) shows
how outcomes of certain changes in climate scaling through
a system or sub-system can be extrapolated in a robust
manner, producing feasible scenarios for use in a risk-based
and proactive management approach in the basin.

A OneWorld systems-based study of the Limpopo River
Basin (2013) shows that biodiversity needs to be protected
and enhanced in its own right, as healthy biodiversity in
furn promotes and ensures functional ecosystems that
yield essential services for development and livelihoods. For
example, aquatic biodiversity is more effective at removing
nutrient pollutants from water than are ecosystems with low
diversity (Cardinale, 2011). Further, an intact riparian zone is
required as part of this ecosystem service for maintaining

Climate
change

Biodiversity

GOVERNANCE

Figure 1.1: The systemic dimensions of biodiversity, water and
climate change represented in the Limpopo River basin, and the
external drivers of change'

2 Options for Adaptations at Scale in the Limpopo River Basin: A
conceptual assessment (OneWorld 2013)

water quality. Given that aquatic biodiversity impacts occur
throughout the basin, including through the abstraction of
water, these are critical considerations for determining rates
of abstraction - essentially a transboundary issue.

The particular vulnerability of the Limpopo River Basin
is that it is mostly semi-arid, with a highly variable climate,
and is periodically exposed to severe droughts and floods. It
has widely divergent land-use patterns, ecosystems, social,
economic and governance systems. Its water resources
are already over-subscribed; it is over-reliant on rainfed
agriculture for food production, livelihoods are largely based
on climate sensitive natural resources, it has large poor
rural populations and relatively undiversified economies in
some parts, and insufficient public and private resources
to deal with poverty and shocks. As a result, the basin is
highly vulnerable to shocks such as resource shortages and
climate-related risks.

1.1.3 The political economy

Water defines the politics, but the political process has not
produced more water.

Home to more than 18 million people?, the Limpopo River
Basin sits astride the shared borders of Botswana, South
Africa, Zimbabwe and Mozambique (Aurecon, 2013). It is
an important agricultural area, has extraordinary mineral
resource reserves and is exceptionally rich from a biodiversity
point of view. It contains portions of South Africa's most
important major urban and industrial centers - which
includes the conurbations within the Gauteng Province.

Understanding the political economy of the Limpopo River
Basin requires insight into the human systems (political and
local economies) in which the inter-linked biophysical drivers
for resilience operate across the four riparian countries. This
includes the key elements of decision making, examining
who holds what power, how this power is exercized and the
implications for resilience. Given that the study of climate
change is a relatively recent science and that the importance
of biodiversity has historically been undervalued, the political
economy analysis tends fo be dominated by political and
livelihood decision making as it relates to water, a much more
mature sector and therefore a driver that decision makers
understand better.

The heterogeneity of the Limpopo River Basin environment,
activities and populations translates into a variety of demands
on the river basin, both between riparian states and within
state borders. Water usage is currently dominated by irrigation
- agriculture accounts for the half of total water usage, urban
for 30%, and the remaining demand is divided evenly across
the rural, mining, and power sectors (LBPTC, 2010). However,
by 2025, expected growth in irrigation is expected fo remain
relatively modest, while rapid growth in urban populations and
mining and energy projects is anficipated to place enormous
pressure on basin water resources (Ashton et al., 2008).

At present, South Africa contains 45% of the catchment
area, but is responsible for 60% of the total water usage
(LBPTC, 2010). The current distribution of water usage will

3 Note that population figures for the Limpopo River Basin vary in
the literature, from between 15 to 20 million people



grow increasingly harder to sustain as Botswana, Zimbabwe,
and Mozambique experience rapid urban growth and
increase large-scale national development projects.
Concerns over water security have escalated info
geopolitical conflicts surrounding water allocation in several
international river basins (e.g. the Mekong, the Indus, and
the Nile). The riparian states of the Limpopo River Basin
system, however, have yet to experience serious conflict, and
have maintained a general environment of cooperation. The
absence of hostility gives regional institutions like the Southern
African Development Community (SADC) Water Division
(SADC/WD) and the Limpopo Watercourse Commission
(LIMCOM) an opportunity to build a foundation for equitable
and responsible transboundary water management before
fensions rise. As both institutions continue fo build their
capacity, the challenge for SADC/WD and LIMCOM will be
navigating the political, social and economic aspirations of
multiple stakeholders within the region. Significantly, the
basin is located in the Southern African region and falls under
SADC's regional cooperation for development mandate.
Regional cooperation in SADC today is underpinned by
post-conflict reconstruction, development and a peace-building
focus. It is noteworthy that South Africa, an apartheid era
protagonist of cross border conflict, has since been playing a
key role in post-conflict peace efforts in the region. The country
promotes regional cooperation, but its bordering countries
(there are five, three of which are in the Limpopo River Basin)
have not bought into this (Lucey and O'Riordan, 2014). In reality,
regional cooperation is characterized by the protection of vested
national interests and many countries in the region are enjoying
unprecedented levels of post-colonial economic growth.
However, conflicts have been few in the past two decades
and in the main are resolved through bilateral interventions.
In any event, there are no dispute resolution mechanisms
or capacities in SADC or the basin. LIMCOM was nested in
the SADC framework by referring to the SADC Tribunal as a
recourse mechanism. However, the Tribunal was suspended
in 2010, thus removing this recourse mechanism for
external mediation®. Furthermore, LIMCOM is an embryonic
instfitution, with no mechanisms or capacity for dispute
resolution in place (Morck-Jensen and Petrie, 2013). But
there are other indicators of vested interests prevailing over
regional cooperation, evident in resource sector endeavours
in the region. The SADC Water Dialogue, Maun (2011), with
the theme 'Climate Change as an incentive for regional
cooperation' yielded weak policy outcomes - willingness to
share data being a major obstacle. Furthermore, it is evident
that the region is good at reaching political level agreements,
but these then fall short in implementation (Lucey and
O'Riordan, 2014). That these agreements often cannot
be technically or operationally implemented may well be a
capacity issue. However, the mandates often cannot cascade

4 The Tribunal was abolished due fo several verdicts against
Zimbabwe. The 2012 SADC Summit resolved that a new Tribunal
should be negotiated and that its mandate should be confined to
interpretation of the four Protocols relating to disputes between
Member States (see http://www.sadc.int/about-sadc/sadcinstitu-
tions/Tribun). Namibia is the only Zambezi riparian that has not
ratified the SADC Water Protocol. At the time of going to press,
the Tribunal is in the process of being reinstated.

down as the agreements are ultimately perceived to threaten
national interests.

The institutions needed to reduce vulnerability, and enhance
and protect the resource base, vary considerably in strength
across secfors and countries in the Limpopo River Basin.
Policies often exist but are poorly implemented, increasing
vulnerability not only in those locations but impacting on the
basin as a whole. There is regional policy dialogue, largely
facilitated by SADC and the Common Market for Eastern
and Southern Africa (COMESA), but inter-dependent sectors
frequently don't talk to each other (see Limpopo River Basin
systems matrix, OneWorld); demonstrating that the inter-linked
drivers in the region and the basin are under-acknowledged in
regional and national policy.

The Limpopo River Basin Organization (RBO), LIMCOM,
comprising four SADC member states - Botswana, South
Africa, Zimbabwe and Mozambique - is embryonic, with the
initial ratification of the LIMCOM agreement having been
signed in 2003 but operationalization only taking place in
20M. LIMCOM was officially launched in July 2014 and the
agreement for Mozambique to act as it host country was
signed during this launch. Accordingly, LIMCOM's mandate
is evolving and the institution is sfill defining its terms of
reference within the dictates of the tfreaty, as well as within
the mandate of its principal, SADC Water. What an RBO
should and shouldn't be can be gleaned from international
RBOs that have been in place for decades, such as the
Mekong River Commission in Asia (Morck-Jensen and
Petrie, 2013), with particular lessons for mandates, roles and
responsibilities (conflict management, knowledge platforms
and facilitators of data sharing). Developing regions and
shared river basins around the world struggle with balancing
cross border cooperation and the need to protect vested
national interests.

LIMCOM also has to balance its role with that of the myriad
catchment and water management agencies that exist
across the four Limpopo River Basin riparian stafes. As these
riparians have undergone water sector reforms, so these
agencies have proliferated, many with little capacity to deliver
as countries struggle to transition from highly centralized
water sector models to more decentralized approaches.

The management of biodiversity and ecosystems, although
highly dependent on water and vice versa, do not fall under
the water sector mandate in any of the aforementioned
institutional arrangements. Nationally, the function typically
falls under the mandates of environmental ministries, few
of which are directly linked to water ministries, but most of
which are also responsible for climate change. At the SADC
level, biodiversity and climate change fall under Food and
Natural Resources (FANR), a secretariat that currently plays
a minor role in the regional and continental fight against
climate change. Regionally, the International Union for the
Conservation of Nature (IUCN) plays a significant role and is
widely recognized, but it does not hold a political mandate.

Most regional RBOs include climate change as a strategic
pillar but few have the capacity to allow for its prioritization in
delivery. National Environmental ministries hold the climate
change mandates. Although the Climate Variability Institute
(originally Drought Monitoring Center, now part of the
Climate Services Center) was recently moved into the same
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SADC secretariat as climate change (FANR), this is not the
case in the rest of the basin. River Basin Organizations and
water ministries are expected to co-manage and plan for the
eventuality of disasters (particularly since these are largely
water-related), but other units, such as INGC*in Mozambique,
are designated as being responsible for disaster risk reduction
and management. At best, meteorological departments
(sometimes housed within environmental ministries) provide
early warning systems and seasonal forecasts.

1.2 The three themes: climate change,

biodiversity and water

1.2.1 Climate change

A comparative analysis of several different climate models
(see OneWorld, 2013) and the published results of two Global
Circulation Models (GCM) ensemble projections, namely CCAM
and ECHAM/CMIP5, as assessed by Midgley et al., (2013) are
summarized in the next section. All findings indicate a future
warming of the region. This accords with observations by the
Long-Term Adaptations Scenarios Research programme
(LTAS), published by the Department of Environmental Affairs
(DEA) ) in South Africa. Summaries in that document, which
represent the latest consolidated overview of observed and
projected changes for southern Africa (DEA, 2013), indicate
that mean annual temperatures have increased at twice the rate
reported by the Fourth Assessment Report (AR4) of the Inter-
governmental Panel on Climate Change (IPCC), and warming
is expected to continue (Boko et al, 2007). There have been
significant increases in the frequency of hot extremes in the
basin, decreases in the number of cold extremes, and shifts
in rainfall seasonality. Overall, there has been an increase in
rainfall infensity, as well as in the duration of dry spells, but in
particular a reduction of rainfall in March, April and May (MAM
- the autumn months) - in line with the general projections
of Trenberth et al, (2003). However, the different GCM
ensembles of climate projections for the Limpopo River Basin
region present different views of how rainfall might evolve. This
may be problematic in terms of how decisions on adaptations
evolve. The ensembles and projections are discussed in more
detail below.

1.2.1.1 Climate projections diverge - CCAM and
ECHAM/CMIP

The (dynamically downscaled) cubic-conformal atmospheric
model (CCAM) regional model ensembles project a
significant drying over most the Limpopo River Basin, along
with the northward displacement of cyclones and tropical
low pressures convection systems (Malherbe et al., 2013).
By 2080-2100, average temperature increases of 3-6°C,
relative to the baseline period, are expected for much of
the basin under the A2 (RCP8.5) emission scenario, with
interior regions warming more than coastal regions. These
are very substantial temperature increases for the region
and could be expected to have significant consequences for
water resources, agriculture and biodiversity. The ECHAM/

5 Instituto Nacional de Gestdo de Calamidades (INGC) - the
Government Institute for Disaster Management and Preparedness
in Mozambique

CMIP ensemble projections, on the other hand, project
warming but little change in rainfall, with some slight wetting
during March-April-May (MAM) and September-October-
November (SON) quartiles (Davis, 2011).

One ensemble of GCMs predicts that much of the basin
will become drier; there will be fewer tropical cyclones and
risks of flooding, and more frequent droughts (Malherbe
et al, 2012). The other ensemble considers a general
slight wetting of the basin; however, summer drying is
consistent in both sets. This dichotomy of views requires that
decisions must be taken that are valid for whatever climate
future evolves. All climate trajectories project significant
warming across the basin (noting the uncertainties relating
to the projections), with consequences for water resources
management, agricultural water demand and allocations to
ecological function.

When the spatially-explicit national and regional level
climate projections are consolidated to identify key messages
specifically for the Limpopo River Basin area, it appears that
the basin is likely to become drier, particularly in winter and
spring (although, as noted previously, there is uncertainty
around the seasonal patterns and magnitude of this trend),
and a high likelihood of becoming warmer, especially in spring
and more so toward the inferior parts of the basin. Some
models project possible wetting in the upper (western) basin
and the lower (eastern) basin, with indications of more frequent
extremely wet summers. The start and end of the rainy season
will shift, thereby affecting the duration of the rainy season, but
the patterns will differ across the basin (Malherbe et al.,, 2012).
Rainfall events are expected to become heavier, with increased
risks of local and regional flooding. Dry spells and droughts
are expected to increase in frequency and severity. The
projections for changes in the frequency of tropical cyclones
along the Mozambique coast remain uncertain, but cyclones
could become more intense.

Given the dichotomy of views of how rainfall may evolve
over the basin, what should be done? The low regrets option
suggests that the region should prepare for a significantly
warmer and drier future, while bearing in mind that the
frequency of intense rainfalls will increase. In later sections
on vulnerability mapping in this document, the climate
assessment focuses attention on those areas where drought
and other climate-related sensitivities are the greatest.

1.2.2 Biodiversity

“The primary tactic in conservation must be to locate the
world’s hotspots and protect the entire environment they
contain.” Wilson, 1992.

The Limpopo River Basin is exceptionally rich in biodiversity
and, as such, has a wide variety of genes, species and
ecosystems. The region contains a number of globally
important centers of endemism (see, for example, van Wyk
and Smith, 2001), which are discussed further below. This
heritage is threatened through resource degradation caused
primarily by human activity. It is well known that climate
change will impact on biodiversity and, with this, the ability of
biodiversity and ecosystems to provide ecosystem services
that support human society. With these impacts in mind, it
is important to understand the current state of biodiversity
throughout the basin, with a particular focus on areas with



high levels of endemism and diversity under threat from
humans and development. While it may not be feasible to
protect all biodiversity within the basin, focusing attention on
biodiversity-rich areas provides a mean of both effective and
efficient conservation. Such areas often overlap with important
water catchment areas, also threatened by degradation, and
thus the key fo maintaining these ecosystem services is the
protection of these biodiversity-rich areas.

Biodiversity patterns have been relatively poorly studied in
the Limpopo River Basin (Reyers et al, 2002). The region
is mostly covered by a savanna biome, which is a tree-grass
interaction controlled in part by the seasonal climate in
which a long dry season and a shorter wet season affects
vegetation-fire dynamics. Land degradation in the basin
is strongly associated with high population densities and
bare ground, primarily defined by communal farming areas.
Such zones are closely associated with the Lebowa and
Venda areas. Indeed, approximately 58% of the Limpopo
Province of South Africa was mapped by Gibson (2006)
as being degraded. The primary land use, particularly of
the savanna and grassland vegetation types, is extensive
grazing of domestic animals - but of this, 13% is used for
commercial and dryland agriculture. It is the grazing areas
that are mostly degraded. In the north-western parts of the
Limpopo River Basin, which includes those parts of South
Africa and Botswana, confinuous grazing has led fo bush
encroachment. This is a process in which over-stocking
and heavy grazing reduces the frequency of grass fires and
allows saplings to grow above the flame zone (Bond et al,
2003). Trees, shrubs and thicket species invade and thicken
open grassland areas, considered a form of degradation,
causing a biome shift and a reduction of grazing potential.
The savanna biome is heavily utilized by humans, resulting
in heightened vulnerability to the effects of climate change
on biodiversity. The key biodiversity aspects are, however,
the upland catchment areas, which also correlate to centers
of endemism and high biodiversity, and are of significant
conservation importance. For example, the Soutpansberg-
Blouberg complex, including nearby Wolkberg, is a cenfer
of plant endemism and is extremely diverse (van Wyk and
Smith, 2001; Mostert et al., 2008). Between 2,500 and
3,000 vascular plant taxa comprising 1,066 genera and
240 families occur on the mountains - 68% of all plant
families of the entire flora of the southern African region
(Hahn, 2003). The Soutpansberg is also known for the
high avian diversity and the location of important breeding
colonies of the Cape Vulture (Gyps coprotheres)), a species
under threat at a global level.

Further south, the Sekhukhune center of endemism is
less well-known, but also important (van Wyk and van Wyk,
1997, Siebert et al., 2001, Victor et al, 2005). More than
2,200 vascular plants have been reported from the natural
vegetation of the region (Siebert et al, 2002), with 58
endemic and 70 near-endemic plant taxa. The ultramafic
rocks of the Bushveld Igneous Complex (BIC) are a geological
system incredibly rich in minerals, including chromite, and
90% of the world's known platinum group metals. The soils
that derive from these ultramafics usually have low calcium-
magnesium ratios and also lack phosphorus, potassium
and nitrogen; these chemical characteristics have a crucial

bearing on the diversity of plants found there (Siebert et
al., 20071). Mining has, to date, destroyed about 15% of this
vegetation type in the Sekhukhune Mountain Land (Siebert
et al., 2001). While this region is particularly vulnerable to
transformation by mining because of its BIC geology, other
areas, such as the Soutpansberg-Blouberg, Drakensberg,
Waterberg sandstone massif and Tswapong Hills, are not
because they are sandstone-based and mineral poor. The
grasslands in Wolkberg and Drakensberg, on the other
hand, are vulnerable to grazing pressure.

The Waterberg, Strydpoortberg, the Lebombo Mountains
in the Kruger National Park (along the border with
Mozambique), and the Tswapong Hills in the Botswana
portion of the basin, bounding on the Matobo Hills (Matopos)
in Zimbabwe, are all areas of significant biodiversity.

The Matopos Hills in Zimbabwe, south of the city of
Bulawayo, was designated as a UNESCO World Heritage Site
in 2003 as an area of conservation significance, although
not necessarily with high botanic diversity. The Matopos Hills
World Heritage Landscape comprises three types of land
ownership, namely state-protected areas (Matopos National
Parks), privately owned land with tenure and communal lands,
and state land without individual tenure in the Matopos and
Umzingwane Districts (UNESCO, 2013). Each land category is
administered by the Acts of Parliament: Rural District Council
Act (29:13), Parks and Wildlife Act (20:14), and Natural
Resources Board Act (20:13) respectively. The management
of cultural properties falls under the National Museums and
Monuments of Zimbabwe Act (25:11), regardless of the land
tenure status, while the Department of National Parks and
Wild Life Management is responsible for natural resources.
While UNESCO status provides this area with some form of
protection against acts of hostility, reprisal and war, these
land-use and ownership structures have varying implications
on the ways in which resources are profected, with communal
or state land facing the most significant challenges to
biodiversity preservation (UNESCO, 2013).

In Botswana, Tswapong Hills is part of the Palapye ecological
outlier of the Soutpansberg (Mostert et al., 2008), although
geologically it is a remnant of the Waterberg Massif system in
South Africa. Rising 300-400m above the surrounding plain,
it receives more rainfall and is relatively water rich, forming
the locally important Lotsane River and Moremi Gorge. The
flat hill tops absorb rainfall, which then emerges as springs
along the base of the feature - giving rise to permanent water
streams. The Cape vulture breeds at three sites in the hills
complex (Tyler and Bishop, 1998). The hill feature and related
biodiversity is not formally protected; however, the feature
and surrounding cultural heritage has been described in
an application for listing as a UNESCO World Heritage site
(pending since 2010). Again, World Heritage Site listing offers
littfle support for conservation, in terms of stricter legislation on
its use, except in the form of increased awareness of the area's
importance (UNESCO, 2013).

The Limpopo River Basin is home to exceptional biodiversity
in some places, but also shows clear evidence of already
degraded land coverage and over-utilized natural resources.
With the added pressures of population growth, the strong
drive for development throughout the region, and climate
change predictions, it is likely that — without future interventions
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- much more of this biodiversity will be lost or at risk. Large
losses of biome-optimal bio-climates are projected fo occur
in the savanna biome areas (OneWorld, 2013), which is noted
as a key conservation concern by the South African National
Biodiversity Institute (SANBI) (SANBI, 2010). Climate change
will affect both flora and fauna - analyses of animal species
range shifts showed that the majority of species will contract
their range (some up to 98%). This is especially the case for
red-data vulnerable species that are highly susceptible to
range change, and therefore highly sensitive fo climate change.

1.2.2.1 Implications of biodiversity hotspots and centers
of high endemism for water resources
Mist-belt forests (Afromontane forests), such as those found in
the Soutpansberg, the Wolkberg (Cloud Mountain), and along
the northern Drakensberg in the South African portion of the
Limpopo River Basin, are important hydrological modifiers.
The Wolkberg mist-belt forests (which include patches of
grassland) are about 65,000 hectares in area. The mist-belt
appellation refers to the frequent incident of orographic mist,
which, condensing on the vegetation at high altitude, can
increase total precipitation dramatically. For example, Entabeni
Forest, a commercial plantation in the Soutpansberg, receives
about 1,800 mm.yr-1 rainfall. Fog interception boosts total
precipitation to about 3,230 mm.yr-1, adding another 1400
mm for the year (Olivier and Rautenbach, 2002; Mostert et
al, 2008). It is worth remembering that mean annual rainfall
at lower altitudes in the basin, such as Musina, is around 300
mm. Fog interception by the vegetation alone can add nearly

Box 1.1: Conservation in the Limpopo River Basin

Governance and property rights, and the manner in
which they are implemented, have well-documented
effects on natural resource management, with common
property experiencing heightened vulnerability to over-
exploitation (Ostrom, 1990). This can be observed
across the basin, with areas under different authorities
experiencing varying levels of land degradation and
ecosystem functioning. Even within profected areas,
resource use differs due to different legislation and
enforcement. The Lekgalameetse Provincial Park, in
the foothills of the Drakensberg Mountain Range, for
example, allows communal use of land and is prone
to overgrazing (Visser et al., 2005), while national
parks, such as the Kruger National Park, have stricter
land-use regulations and thus lower anthropogenic
use. Enforcement is, and will remain, a critical aspect
of conservation success in the basin where capacity is
low and conservation funds are limited. Private interests,
conservation bodies, such as Peace Parks and IUCN,
and tourism can enable financial support and increase
the levels of protection (DFA, 2003).

Driving a coordinated approach to regional
conservation are Transfrontier Parks and Transfrontier
Conservation Areas (TFCAs). The Greater Mapungubwe
Transfrontier Conservation Area (situated at the
confluence of the Limpopo-Shashe Rivers) and the Great
Limpopo Transfrontier Park are two such conservation

five times the precipitation o the land surface. Mean annual
rainfall for the whole Limpopo River Basin is around 530 mm
and these high altitude catchments have a large impact on the
general rainfall statistics.

Bruijnzeel (2004) describes how tropical forests moderate
streamflow; firstly, by maintaining a high infiltration rate
because of the thick vegetation cover, and a relatively high
water storage, released later during the dry season. Baseflow
is thus maintained. This ecosystem service of modifying
hydrological behavior by the tropical forests is highly valued
all over the tropics and sub-tropics (Bruijnzeel, 2004).
The mean annual runoff per unit area from the upland
catchments is up to 100 times that of the low-lying areas of
the Limpopo River Basin because firstly, the high rainfall is
supplemented by a high fog catch, and secondly the forests
maintain a significant baseflow during the dry season. As
such, the mist-belt forests and upland grasslands of the
basin are of exceptional value to the hydrological resilience
of the Limpopo River Basin.

Ensuring a vegetfated land surface reduces the risk
of deserfification and can result in cooler temperatures,
mitigating climate change effects. Desertification results in
local climate changes; the potential coupling of the land
surface with local climate conditions has negative effects
such as declining rainfall, or more intense rainfalls with
a longer duration of dry periods. Reducing erosion and
sediment fransfer through improved land-use management
and ecosystem conservation has further benefits for the
sustainability of dams and other reservoir storage systems.

areas in the basin. TFCAs are protected areas that span
the boundaries of more than one country, allowing
freer passage and migration of animals and humans
within the area. These require formal agreements and
contracts between countries, as well as coordinated
efforts in management, and are expensive to establish.
TFCAs face the additional management complexities
of varying capacities of the countries which share their
borders, as well as in the management of stressors such
as cross-border poaching and spread of disease (see
Box 2.1 on the One Health Approach).

In terms of national efforts, the four countries of
the Limpopo River Basin have multiple forms of
conservation, both formal and informal. Contained
within the suite of formal conservation initiatives are
national parks, provincial parks, nature reserves and
marine protected areas. Informal protection includes
private game reserves and stewardship programs,
amongst others.

UNESCO World Heritage Sites (WHS) form an
additional layer in conservation efforts across the
basin. These are designated areas of exceptional value
fo humanity. While World Heritage Site status does
not prejudice property rights provided by the national
legislation of a country, the title helps raise awareness
of the importance of the site, often with positive
conservation ramifications (UNESCO, 2013).



Conservation of ecosystem functioning and biodiversity
has the added payoff of conserving ecosystem services (water
production in the dry season), thereby increasing the resilience
of downstream settlements, which in furn impacts positively
on economic activities in dry periods. The Protected Areas Act
(DEA, 2009) lists additional reasons why such conservation
is important, including the promotion of rural livelihoods and
supporting socio-economic development. The report lists the
Blouberg-Langian focus area #5 (Soutpansberg) and the
Northeast Escarpment focus area #29, which includes the
Lekgalameetse and Wolkberg reserves. Alongside the Waterberg
region, these are also areas of concern in this report. Protection of
all of these areas is an attainable goal; the Northeast escarpment
and mountain uplands are already owned mostly by the state.
Increasing protection through improved governance is achievable.
Much of the Waterberg is already under a level of protection
through commercial game farms which protect and manage
their operations, and by the Waterberg Nature Conservancy - a
voluntary group of private land owners and interested parties.
The Waterberg Biosphere Reserve, as a Section 21 non-profit
organization formed fo promote UNESCO's Man and Biosphere
Program, is an additional governance mechanism which includes
provincial and municipal government stakeholders, private
individuals and NGOs.

All of the areas rich in biodiversity mentioned above are
sitfuated along escarpments and mountain ridges which, as
major geographical features, also constitute the important
high runoff-generating areas. These areas are characterized
by higher rainfalls, steep terrains and high rainfall-runoff
coefficients - giving rise to high runoff yields. While their value
for water generation has been intrinsically recognized through
human settlement, the very same activity and exploitation is also
causing degradation. A National Protected Areas Expansion
Strategy seeks to protect these areas of high endemism (DEA,
2010). Although it is not the richness of the biodiversity per
se that creates the important effect of ecosystem provisioning
and regulation that is necessary for preserving water flows
in the basin, it provides a powerful spatial indicator of these
important services.

1.2.3 Water and water scarcity

Water demand exceeded availability in 2000 (Ashton et al.,
2008), meaning that the basin reached 'closure’ as there was
no more water left to allocate (Turton and Ashton, 2008).
Shortfalls are being met by the importation of water via inter-
basin transfers and balancing the deficits from the ecosystem
allocations. As of 2000, the Limpopo had a Water Crowding
Index (WCI) of 4,219, well beyond that of 2,000 which is seen
by Falkenmark (1989) as being a marker of water stress and
a barrier to further human development. Despite the building
of new dams, the Limpopo WCI will reach about 4,974 by
2025, further exacerbating the situation (Ashton et al,
2008). Societies are forced to adapt as they reach the water
barrier (Falkenmark, 1989). Ashton et al. (2008) forecasts an
increase in water demand in the basin of 46% by 2025, with
urban demands rising the fastest.

Poor water quality in the basin is one of a number of causes
of the reduced availability of water for people and aquatic
ecosystems (Joint Limpopo River Basin Study, 2010). Effluents
from industrial and urban uses in the Olifants’ headwaters

around Gauteng, and decant of acid mine drainage from
defunct coal mines on the Mpumalanga Highveld result in
severe contamination of waters further downstream (McCarthy,
201). Return flows and runoff from agricultural areas
contribute pesticides, herbicides and nutrients fo the waters.
The parlous state of wastewater treatment plants in the region
is causing the large-scale influx of highly nutrient-enriched
waters info tributaries of the Limpopo River (principally runoff
from Gauteng Province into the Crocodile River). This water
is heavily contaminated by bacteria and blue-green algae,
causing significant losses to farming communities and loss
of important product markets. This contamination contributes
fo excessive loading of sulphates, ammonia, chlorides, pH
extremes and unacceptable trophic conditions (related to
nutrient loading), making the river waters of main tributaries
(such as the Crocodile and, in particular, the Olifants River)
foxic to the healthy functioning of aquatic ecosystems.
Aquatic biodiversity is particularly sensitive to changes in
water quality which, coupled with the temperature and water
availability effects of climate change, leave aquatic biodiversity
increasingly vulnerable.

In general, impacts on aquatic biodiversity occur throughout
the basin through water abstraction, flow, bed and channel
modifications, inundation of riparian zones through barrier
construction, the existence and invasion of exotic aquatic
fauna and macrophytes, addition of pollutants, bank erosion
and the removal of indigenous riparian buffer vegetation.
Farm dams, particularly in South Africa, decrease water flows
during the dry season and reduce the integrity of riparian
vegetation along ephemeral rivers (O'Connor, 2001). Riparian
vegetation is a crucial element of ecological functioning and
provides irreplaceable ecosystem services - regulating water
temperature, reducing turbidity, maintaining biodiversity,
nutrient recycling and bank stability. Along the river courses
throughout the basin, especially in South Africa and Botswana,
sand mining from river water courses for constfruction
purposes is degrading local environments. This is leading to
riparian degradation, including wetland destruction, lowering
of water tables, bank erosion, loss of riparian function and
increases in water turbidity (Kori and Mathada, 2013). To
date, law enforcement against illegal activities has been weak,
while inadequate water management systems compound the
issue. Especially damaging to general water quality is the poor
standard of wastewater treatment plants.

The critical issue to consider from a management point
of view is that ambient metal concentrations rise when water
levels are low (towards the end of winter and as a result of
droughts), and spike during floods when there is increased
exposure of suspended sediments to metals adsorption.
Adverse effects have been experienced 300 kilometers
away from the pollutant source, with the consequence that
people and ecosystems are exposed fo, and challenged by,
poor quality water over very large distances. In general, the
abstraction of water for irrigation, industrial and urban use
compromises water quality in the system by reducing flows and
increasing the ambient concentrations of harmful substances.
The addition of extra water through the inter-basin transfers
at the headwaters of the Crocodile and Olifants rivers works to
benefit the system, because without these inflows, the quality
of waters in the rivers could be much worse.
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Figure 1.2: Groundwater levels respond dramatically after heavy
rainfalls, indicating that most groundwater recharge takes place
after these heavy rainfalls. This example is for the borehole B7Mica
in the Limpopo River Basin, modified after Verster (2011)

1.2.3.1 Groundwater

Groundwater plays a crucial role in supplying water for
farming and domestic uses in the Limpopo River Basin,
primarily because of the general aridity of basin. Some fowns
in the basin, such as Musina in South Africa and many rural
villages, rely entirely on groundwater abstraction. Having a
good groundwater management strategy for the basin, with
attendant monitoring and evaluation, is critical for maintaining
sustainability of water supplies and groundwater-dependent
ecosystems. Monitoring must include the examination of water
quality in boreholes - which is declining in some areas where
pit latrines are common - as well as the state of borehole
infrastructure, which degrades quickly because of abuse and
theft (see for example Sonnekus, 2011).

Major tfransboundary aquifers in the basin include the
Ramotswa Dolomite Basin, the Tuli Karoo sub-basin and the
Limpopo Basin (Struckmeier, 2006 or Cobbing et al, 2008).
The Tuli Karoo and Limpopo Basin aquifers are unconsolidated
alluvial 'sand river' aquifers, with relatively shallow groundwater,
high storativity characteristics and high hydraulic conductivity,
which are determined by their riverine sedimentary deposit
origins. The highest yielding, and probably most important
aquifers in the basin, are these alluvium-filled channels which
make up the Limpopo River and its tributaries. This constitutes
a high-yielding aquifer of 2250 kilometers in length, with high
transmissivities. At least 115 million m3/yr of water is abstracted
in South Africa alone (CSIR, 2003). Total storage in these
aquifers is estimated by the CSIR at 828 million m>.

Elsewhere, groundwaters are in much ftighter formations,
either in fracture zones (where water yield can be very high in
a few instances), or in relatively low-porosity sedimentary rocks.
Transmissivities in most, but not all, boreholes are therefore low.
Most aquifers are not productive, except for those in the alluvial
aquifers of the 'sand rivers' which are very productive and most
are already highly exploited.
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According to Aurecon (2013), the SADC borehole database
records 75480 boreholes in the Limpopo River Basin. Thirty
percent of these have recordings of either yield data or water level
data. However, the data have severe limitations, with substantial
omissions and uncertain units, preventing the groundwater supply
potential of the basin from being established (Aurecon, 2013:133).
Estimates of maximum groundwater available for extraction have,
therefore, been based on the premise of approximations of recharge,
where annual recharge equals abstraction with no drawdown of
hydraulic head (water table levels) (Aurecon, 2013:133). Estimates
are given by Aurecon (2013) of annual recharge, as calculated
from mean annual precipitation (MAP), which indicate possible
fotal available water by sub-catchment. There is no data on actual
or current abstraction in those sub-catchments.

In other reports, however, it is evident that with current rates
of groundwater abstraction in the basin, it is not the MAP that
determines the annual recharge but extreme rainfall. Analyses
of groundwater levels (for example, Verster, 2012) show that it is
the high intensity events that provide significant recharge to the
aquifers. Therefore, the sustainability of groundwater systems is
dependent on the frequency and intensity of extreme rainfalls
(>98 percentiles of daily rainfall). Verster (2012) notes that normal
seasonal recharge is often not sufficient to restore annual aquifer
losses to abstraction. Sporadic (extreme) events result in the
substantial recharge needed fo restore groundwater. Extreme
rainfalls and significant recharge have been noted by Verster
(2012) in 1958, 1976, 1996 and also 2000 in some places.

Further, groundwater exploitation provides a promising avenue
for increasing the sustainability of water supplies in the basin.
However, in some sub-basins, groundwater is already over
exploited and some boreholes show long-term declines in water
level, indicating unsustainable use. Du Toit et al. (2012) propose an
extensive uftilization of groundwater for bulk water supply in parts
of the basin, for example the Nwamitwa area, Giyani, just south of
the Letaba River. Through the use of the Limpopo Groundwater
Resource Information Project (GRIP), du Toit et al. (2012) believe
that a large amount of useable groundwater is available. However,
there are some significant constraints. Some parameters of
the various aquifers are not understood very well, particularly



fransboundary aquifers. Botha (2009) illustrates this, highlighting
that storativity differences could result in very large differences
of water available for abstraction. How much is not known. In the
Mzingwane River sub-catchment, there is heavy groundwater
abstraction in the headwaters of the catchment. Elsewhere, most
of the abstraction is from shallow alluvial aquifers (<15m deep). In
the Botswana sub-catchments, groundwater plays a very important
role in maintaining livelihoods, but there is deep concern over the
sustainability of these aquifers and recharge rate given the low
rainfall there. In Mozambique, in the lower Limpopo Basin region,
there are mixed results regarding the groundwater resources. Near
the Limpopo River, shallow aquifers are influenced by the river and
are valuable sources of water. Further away from main channel, in
more remote areas of the Gaza Province, boreholes tend to be
deep (down to +90m) and groundwater is often saline, a result
of the marine origin of the sedimentary rocks. This makes further
exploitation of this water untenable.

Climate change will likely have a large impact on groundwater
in the basin if it affects the rate of recharge. This will happen
primarily if climate change affects the frequency and intensity
of severe weather - in other words, whether storms can generate
sufficient surface flow to produce adequate pulses of percolating
water which penetrates beyond the root zones of most plants;
contributing fo rising water levels. It has already been observed that
groundwater levels respond strongly to severe storms. While these
generate large floods, they also contribute the critical component
of recharge required for sustainable groundwater resources. Minor
storms appear to have little impact.

1.3 Main actors, dynamics and areas of

conflict
South  African water resources saw particularly rapid
development in the 1960s and 1970s. This was especially due
to the series of large dams constructed in the basin for the
purpose of irrigated agriculture, and urban and industrial uses
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in the economic heartland of the country (now Gauteng), with
its gold mines and associated industry. Despite the current
situation of scarcity and deficits, the central water authority
in South Africa has a substantial development plan for the
South African portion of the basin (DWA, 2013 - Final
Strategic Plan). There is ongoing activity in planning and
building water resources infrastructure and bulk distribution
in order to meet the growth in demand.

Given the intensifying competition for water within the
basin, it is useful fo explore the nature of developments and
how these give rise to competition for the resource - and
potential for conflict. The mining and energy sectors currently
require relatively small amounts of water resources from the
basin, accounting for 10% of total water usage (LBPTC,
2010). However, the expected growth of water demand in
these sectors is significant: by 2025 mining is anticipated
to grow by 30% and power generation by 26% (Ashton et
al., 2008). Botswana's rapidly growing urban and industrial
sectors are, at present, placing the greatest demand on total
water demanded in the basin (LBPTC, 2010).

Mega-infrastructure projects in South Africa (spending >
R300 million/yr) includes the completion of the De Hoop
dam on the Steelpoort River and the construction of bulk
raw water distribution infrastructure, with the expectation
of delivering water to more than three million people in the
Greater Sekhukhune, Waterberg and Capricorn District
Municipalities (Lebowa - Middle Olifants) (DWA, 2013). The
first phase of the Crocodile River (West) water augmentation
project is also underway fo supply the new Medupi power
station in the Waterberg coal fields, as well as the Lephalale
local municipality and industry (DWA, 2013). The Groot Letaba
water resource development project, the Matoks regional
bulk scheme, Magalies Water (a water servicers entity), and
the Waterberg regional bulk scheme (including increased
exploitation of groundwater) are all mentioned in the most
recent Department of Water Affairs (DWA) strategy documents

Mzingwane
350 260
\
\
N \ Bubi
AN \ 53187
\ \ \
AN Y 5 Mwenezi
AN \ \ 256 332

: Nzhelele
i : £ g970 Luvuvhu
Loy 52 492456
ephalala |
99 67 L 3840 Letaba Changane
574379 315543

Mogalakwena
79127

Olifants
1,233 559

Steelpoort
400 285

120 Xai Xai 4,055 4,072

Inter-basin transfer

1. INTRODUCTION




1. INTRODUCTION

(DWA, 2013). Of concern is the change in the assessed quantity
of water by various modeling studies (see Basson et al. 1997,
Gorgens and Boroto, 1999, and Aurecon, 2013), implying that
there is actually more surface water available for exploitation in
some places than before. The difference in some tributaries
is substantial - questions need to be asked about the large
discrepancy (see Figure 1.2). This figure reflects only available
surface water because the total quantity of groundwater
abstraction is not known. The total quantity of groundwater
abstraction is not known, as stated earlier.

Currently, at less than 2% of total demand, Mozambique's
water requirements for mining and industry from the
Limpopo River Basin are negligible (LBPTC, 2010). However,
recent discoveries of large deposits of coal and natural gas
in the Lower Limpopo catchment will alter Mozambique's
development trajectory significantly and impact future water
requirements. Furthermore, water resource development
plans are set to increase the demand for water in the near
future and place additional stress on the sub-catchment area.
These include development plans for the Massingir dam,
which forms the southern border of the Parque Nacional do
Limpopo, of hydropower build of 27MW (Reuters, 2012). In
addition, the Massingir Agro-Industrial Project (MAI), a sugar
plantation and mill covering 37,000 ha - scheduled to begin
production in 2016 - will place a heavy demand on the dam's
resources (AllAfrica, 2012). MAI is to be established in the
same area once demarcated for ProCana, the now-cancelled
biofuels project, which was plagued by issues related to
both the displacement of communities and political issues
surrounding the high water requirements of the project.

1.3.1 Why is growth in mining and energy
development a potential problem?

Each of the four member countries within the Limpopo River
Basin have ambitious national development plans that rely
heavily on the exploitation of mineral resources as a means
fo provide energy security, job creation, and economic growth.
Each member state's water allocation system reserves a set
amount of water usage for environmental flows and household
users, and requires large-scale commercial users in areas of
agriculture, mining, energy, or industry to apply for a water
usage permit from the National Department of Water Affairs.
This provides a binding legal agreement to limit commercial
water usage and ensures enough resource is left for domestic
use. In reality, these systems are flawed: in 2010, the South
African Parliament uncovered that 125 mines in South
Africa were operating without a water license (Morgan, 2011).
Currently there are a total of 1,717 mines which are operating
and registered (DMR, 2074). In Botswana, increased mining
production (for example, coal at Morupule) already places
a high demand on water resources, while some mines (for
example, Lerala diamond mine) operate without a licence
to abstract water from the Limpopo River (DWA & MMEWR,
2013). Mining and energy development is complicated
further by the growing role of foreign investors in the basin,
particularly in extractive sectors, with their own national and
commercial interests in mind. The resulting power dynamic
places considerable weight behind economic growth
objectives and individual profit seeking, causing mineral and
energy development objectives to take precedence over

environmental and water management concerns. Economic
growth objectives, in particular, tend to outweigh the need for
sustainable resource management as governments facilitate
or fast-track mineral and energy developments in spite of
environmental considerations (Ashton et al.,, 2008). Long-term
and cross-sectoral planning is not evident for either mining or
energy, or for sustainable natural resource management.

1.4 Putting systems thinking into practice
in the Limpopo River Basin

The sub-systems of water, ecosystems and climate are tightly
linked and inter-related in the basin; a change in one has
significant impacts on the others; and often vice versa. There
are few or no buffers in this system of linkages in this region,
with the result that small changes in an input pathway usually
leads to clearly observable impacts on output pathways or
products (see the Tst-to-4th order climate impacts analyses
outlined in Chapter 2).

Changes in one sub-system (illustrated in Figure 1.1)
affect the behaviour of another. Typically in the basin,
demand from a sub-system exceeds supply, placing the
interlinked system in deficit. Alternatively, constraints exist
in a dimension or sub-system by the limits exerted by one
or more of the others. This risk and vulnerability assessment
interrogates the interactions between climate change and
ecosystems, between water and ecosystems, and between
water and climate change. It also evaluates the influence
of the external drivers (of this conceptual system) on the
inter-relationships of the system - governance, economic
development and livelihood needs, and population
dynamics and growth (including economic effects).

An obvious, general trend across the system is the decline
in per capita quantity of water available to meet the needs
of society. Climatic impacts projected for the basin are likely
fo exacerbate this trend; it is evident that the governance
mechanisms and livelihood responses currently operating
there are not equipped to enhance system recovery from
severe disturbances, for example extreme weather.

Moreover, the issues and agendas of political and livelihood
economies often don't coincide and the local economy
typically has little voice in the political economy. This is a
governance issue of particular significance in the context
of a changing climate that affects both economies - and is
possibly a reason that the internationally highly acclaimed
Integrated Water Resource Management (IWRM) approach
has not gained the traction and delivered the benefits it could
have (Morck-Jensen and Petrie 2013). This will be further
investigated in the next phase of analysis of the resilience
action areas.

The Limpopo River Basin system is complex, necessitating
a more in-depth analysis of the political economy, and the
resilience building responses that are appropriate to the
context and which meet the needs of the region.

A first glance indicates that no single regional or national
institution is grappling with the three key threats facing the
basin: water scarcity, declining ecosystems services, and
climate change and variability. It is also evident that there
is little connectivity between the institutions responsible for
the key system drivers. A system view, or an examination of



the linkages between different actors within the system and
the inter-relationships operating in the basin, demonstrates
how changes in one part of the system affect those
elsewhere. Previous studies have generally presented
compartmentalized views on aspects of the basin; one
of the major shortcomings of this silo approach is that
consequences and system-wide side effects have not been
addressed. The value of the RESILIM program is that it is
designed fo alter this status quo by addressing the inter-
relationships of water, biodiversity and climate change. The
systems approach adopted under the RESILIM program is
built on a number of underpinning studies (see Box 1.1). All of
these come fogether in the balance of this report.

141 Methodology

The RESILIM program has taken a rigorous approach fo
building an evidence base for change through primary
and secondary research. This has been complemented by
stakeholder consultation and participatory analysis across
the basin. A comprehensive literature review provided
insight into the status quo of the basin - its water users,
development prospects, as well as risks and vulnerabilities.
Risk and vulnerability mapping, using geographical
information systems (GIS), formed a spatial picture of
climate risk and vulnerability across the basin. The expert
review of these findings provided critical, in-depth insights
into highly vulnerable areas in the basin. Through the
combined process of risk and vulnerability mapping and
expert consultation, eight resilience action areas emerged as
areas of heightened vulnerability. These areas were used as a
means of understanding more localized vulnerabilities across
the basin, as well as ways in which basin-wide resilience could
be built through replication and scale.

Governance and institutional arrangements are central to
understanding how the system functions, what its levels of
adaptive capacity are, and how decisions are made within
the basin. The political economy analysis, augmented by
institutional mapping across the three themes of water,
biodiversity and climate, has improved insights into basin
risk and vulnerability. Even more importantly, this analysis
provides a basis for determining critical courses of action
and how these may best be implemented. These analyses
provided the analytical basis for the first published report:
'Risk, Vulnerability & Resilience in the Limpopo River Basin:
Climate Change, Water and Biodiversity - a Synthesis' (Petrie
et al, 2014). .

Validation and re-infoming analytical findings is an ongoing,
crucial part of the process. A closer look at the findings of
the political economy and institutional mapping highlights
how extensive the network of stakeholders (public, private
sector and civil society) - integral to decision making in the
Limpopo River Basin system - is. The OneWorld research
team met with communities in different case study areas
in the basin, and the RESILIM Management Team regularly
interacts with basin stakeholders. Additionally, three regional
workshops focused on decisions needed for improved water
management, strengthened climate policy and entrenched
conservation practices in the basin. These workshops were
held in Maun, Botswana (April 2014), Hwange, Zimbabwe

(May 2014), and Maputo, Mozambique (July 2014). A review
of the most current data, now including the recently published
Limpopo Monograph Study, updated the research behind
this revised Synthesis report and informed future strategy.
Peer reviews have been conducted at all stages of this work.

Box 1.2: OneWorld Reports for RESILIM thus far

1. Synthesis Report on Spatial Climate Risk &
Vulnerability Assessments conducted in the
Limpopo River Basin (Comparative analysis -
30 June 2013): This report presents the results
of a desk review of existing spatial climate risk
and vulnerability assessments, which are relevant
to the Limpopo River Basin. The purpose was to
consolidate the sources of data and knowledge,
analyze each approach (at  conceptual,
methodological and technical levels), and
draw out the various purposes, methodologies,
strengths and weaknesses.

2. The Limpopo River Basin System: Climate Impacts
and the Political Economy (Technical report -
02 September 2013): This report produces the
research and analysis of the biophysical, economic
and socio-political system which characterizes
each idenfified vulnerable area and gives rise
fo its identified vulnerability. It further analyzes
the political economy governing the basin as a
system, providing a political economy context to
the identified hotspots and potentially contributing
fo the status of each as a 'tipping point; or sub-
system that has crossed or is likely to cross a
critical threshold.

3. What does Climate Change mean in the Limpopo
Basin? (Technical report - 15 November 2013):
This consolidated report of the eight identified
vulnerable areas forms part of the evidence base
for the participatory process - embedded in the
systems view of the basin system, including socio-
political and bio-physical attributes and dynamics.
The outcome of this analysis should help the
RESILIM program assist LIMCOM in developing
effective responses within the basin by the various
responsible entities, which would be aimed af
preventing shiffs of hotspots to 'tipping-point’
status.

4. Options for Adaptations at Scale in the Limpopo
River Basin: A conceptual assessment (Think
piece — 15 November 2013): In this conceptual
assessment a systems approach was used
to examine the different drivers operating in
the Limpopo River Basin system and propose
alfernative pathways to increasing sustainability.
The context, however, is that resolving the drivers
of vulnerability requires inferventions that are
system-wide and not necessarily at the places
where they converge, which are locations of
increased vulnerability.

1. INTRODUCTION







Mapping the Limpopo River Basin by vulnerability indicators
shows that, in broad terms, the most important driver of
vulnerability is sufficient access to water. Different states of
vulnerability are explained by land degradation, population
density and high reliance on rainfed agriculture, all of which
vary strongly across the basin.

The scientific basis for policy development and decision-
making at national, regional and local levels addressing
livelihood vulnerability in southern Africa has generally been
poor (Midgley et al,, 2012). One reason is that there is little
understanding of how vulnerability differs across a region
and what key drivers cause that spatial variation. Increasing
the resilience of a system that includes people requires
an understanding of their exposure to externally imposed
stresses and shocks. Stresses tend to be chronic, while shocks
may be relatively short lived (such as floods or droughts).
The measures need to be represented in ways that convey
understanding and illustrate the concept that interventions
require a focus on the most affected areas. Locating the
different ranges of vulnerability must therefore also take into
account the widely divergent climates, land-uses and natural
resources, as well as the local social and economic systems
of an area - in this case, the area spanning the Limpopo
River Basin.

2.1 Approach

Vulnerability mapping is a spatial modeling process which
combines variables of exposure and sensitivity to give a
picture of climate-related impacts (Figure 2.1). The process
of vulnerability mapping makes use of a range of indicators,
including biophysical, biological and socio-economic factors,
and combines them with different weightings into one index.
The indicators vary spatially, which means that the final
vulnerability index can be displayed as a map. Combined
with a model of adaptive capacity, the maps provide insights
into which adaptive responses are likely to have the highest
impacts on livelihoods and the environment.

The capacity of the system (human and natural) to adapt
to changing environmental conditions is referred to here
as adaptive capacity and is differentiated from coping.
Coping is about the ability of a system to draw on existing
resources (such as knowledge) in responding to stresses,
thus maintaining the status quo.

The combined layers of exposure (includes variables
such as exposure to cyclones and risk of floods), sensitivity
(includes variables such as crowding on agricultural land and
water stress), and adaptive capacity (includes variables such

as governance and economic wealth) present a composite
picture of risk and vulnerability for the region. Areas that have
lower adaptive capacity and higher vulnerability emerged as
representative areas useful in exploring localized challenges
and potential adaptation responses in the basin that are
scalable and/or replicable.

Exposure VULNERABILITY
Adaptive
capacity
Sensitivity
Potential
impact

Figure 2.1: The components of vulnerability, after IPCC (2007).

These highly vulnerable areas were reviewed by basin experts

using the key themes underpinning RESILIM; this resulted

in the selection of the following eight resilience action areas

(see Figure 2.2):

1. Upper Limpopo - a transboundary groundwater-
dependent ecosystem

2. Pretforia North - Moretele - an unserviced peri-urban
human settlement

3. Shashe - Limpopo river confluence - a transboundary
management priority

4. Upper Umzingwane - a highly populated area reliant
on subsistence agriculture

5. Soutpansberg - a mountainous water source area and
hotspot of biodiversity and endemism

6. Pafuri Triangle - a transboundary zone of diverse
ecosystems and subsistence agriculture

7. Middle Oilfants (Former homeland area of Lebowa) - a
highly populated area reliant on subsistence agriculture

8. Lower Limpopo - Chokwe - a floodplain with an
intensive agricultural system.

The processes leading fo this outcome are fully-described
in Midgley et al. (2013). The final outcomes are composites
of up to 52 indicator layers represented as GIS maps (see
Appendix 4).
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Figure 2.2: Eight highly vulnerable areas identified as resilience
action areas across the Limpopo River Basin: 1) Upper Limpopo,
2) Pretoria North — Moretele, 3) Shashe - Limpopo river
confluence, 4) Upper Umzingwane, 5) Soutpansberg, 6) Pafuri
Triangle, 7) Middle Olifants and 8) Lower Limpopo — Chokwe

2.1.1 1st-to-4th Order Impact Framework

A method is required to examine the flow-through from
climate effects to ecosystem and livelihood impacts. The
Ist-to-4th order impact framework is used to do this.

2nd order impacts: Physical and chemical processes
in physical and biotic environment including soil and

water resources

-
|

Figure 2.3: 1st-to-4th order
cascade of impacts

This method of evaluation makes explicit the linkages
between basic climate parameters (Ist order), the resulting
physical and chemical processes in the physical and biotic
environment (2nd order), the resulting ecosystem services
and production potential (3rd order), and finally the resultant
social and economic conditions (4th order). Feedbacks
exist between the orders. The Tst-to-4th order impact levels
are defined as shown in Figure 2.3.

CURRENT




The phenomenon of climate change and its impacts are
wide-ranging and highly complex. It is common practice in
climate change assessments fo take a sectoral approach, but
this invariably leads to a lack of cross-sectoral integration,
which is critical when assessing economic and social
system responses. In this framework, the overall approach
to analyzing climate impacts starts with the basic climate
parameters and gradually scales up to organism and system
levels. This way of viewing causation is parficularly suited to
areas with common biophysical and socio-economic systems
and drivers; thus providing a useful framework with which to
analyze the resilience action areas.

2.2 Resilience action areas provide nuance

The effects of climate change on the Limpopo River Basin
are context specific in that they are likely fo have varying
effects on different parts of the basin. This is primarily
because of the variability of landscapes and socio-economic
systems across the Limpopo River Basin system. Applying
the 1"-to-4™ order impact framework to the resilience action
areas is useful in making sense of the wide range of possible
policy and investment options for building resilience in the
basin. Each highly vulnerable resilience action area has a
unique range of impacts and risks, thus adding nuance fo the
identification of appropriate basin-wide resilience building
responses. The indicators applied are strongly focused on
highlighting human livelihood vulnerabilities.

While the wvulnerability mapping provides a spatial
assessment of the vulnerability index, the reasons for
vulnerability can differ across the region and between

resilience action areas. At the highest level (1¥' Order), the
climatic driving forces of change are temperature and rainfall
(which caninclude extreme events). This has knock-on effects
on the physical and biotic environments (2" Order), which in
turn affects ecosystem service functioning and agricultural
productivity (3 Order), finally culminating in direct impacts
on human livelihoods (4™ Order).

There are a number of climatic changes predicted for each
resilience action area, and a policy approach that responds
to all of them is necessary. However, understanding the main
driver of change in terms of a T impact is useful in that it
often captures the main adaptive management response.

An underpinning question in each case study analysis
is whether there is a danger of climate impacts pushing
a given area or system tfowards a critical threshold.
Further research is needed for a detailed answer to this
question. However, it is evident in the eight resilience
action areas represented here that the high altitude
catchments provide the highest runoff per unit area
and generate much of the water needed downstream in
the basin. These catchments are also locations of the
highest biodiversity and levels of endemism in the basin
system. Whilst these areas cannot currently be defined
as fipping points, it is essential that they do not reach a
critical threshold given their strategic importance to the
basin, as a ‘closed’ system. Resilience-building actions
and adaptations can take on many forms and are likely
to evolve through a process of learning by doing. The
resilience-building actions provided in this report suggest
potential adaptation pathways, with scope remaining for
their validation by stakeholders in the future.

Table 2.1: Climate change, case studies and lessons for the basin as a whole

Case Study Key Climate Change Impact

Upper Limpopo Temperature increase

Ecosystem sensitivity fo climate change; potential for conflicts
as water becomes scarcer; vulnerability of groundwater to

Relevance to the basin

mismanagement.

Pretoria North -
Moretele

Increased rainfall variability

Poor development and infrastructure planning reduces adaptive
capacity; climate change results in economic and social costs.

Shashe-Limpopo

Rainfall decrease

Transboundary implications of water and natural resource

Umzingwane

confluence management, highlighting the need for better governance and a
basin-wide approach.
Upper Increased severity and Highly erratic rainfall and water scarcity are drivers of degradation.

occurrence of drought

Soutpansberg

10% decrease in rainfall

Water source areas (‘water towers') are critical to the resilience of the
basin as a whole. These areas are also usually significant areas of
biodiversity.

Pafuri triangle

Rainfall decrease

Human migration occurs due fo climate-related economic hardship,
with transboundary repercussions on health and infrastructure.

Middle Olifants-
Former homeland
area of Lebowa

Temperature increase by 2°C

High population density and poor agricultural practices increases an
area's vulnerability fo water stress and land degradation.

Lower Limpopo-
Chokwe

Increasing severity of floods

Flooding has a severe impact on livelihoods, especially in floodplain
areas. It also has dramatic costs to infrastructure, food security and
health.

2. VULNERABILITY MAPPING AND WHAT IT TELLS US
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2.2.1 Upper Limpopo (Botswana and
South Africa)

This is a highly sensitive ecosystem that straddles Botswana
and South Africa at the source of the Limpopo River. Dolomitic
aquifers, associated springs, and wetland systems fed by
groundwater from the upper catchment of the Groot Marico
River are of great conservation significance and highly sensitive
o groundwater abstraction. Biodiversity in the area relies on the
free-flowing nature of the Groot Marico River - its geographical
isolation has led to high levels of speciation and adaptation to
local environmental conditions. Away from the river the area is
semi-arid, with low rainfall - droughts occur at regular intervals.
Heat stress and frost can have significant localized impacts.
High population densities in nearby towns further threaten to
increase the already high water abstraction rates.

FUTURE POSSIBLE IMPACTS:

Slightly increased annual rainfall or no change observed;
increase in length of rainy season; more thunderstorms;
warming by 2.5°C, highest temperatures in spring; and
moderate increase in heat extremes with additional heat
stress to living organisms; warmer nights and fewer
frosts; risk of droughts.

What does this mean for the basin?

Temperature increases will have a significant impact on
the resilience action area - capturing the need for better

management of the land and soil, and an understanding of
the ecosystem services derived from the area. A temperature
change will have impacts on crop and livestock productivity,
incomes and livelihoods, affecting the poorest members of
the community with greater severity. As in many other areas
across the Limpopo River Basin, livelihood opportunities
are very limited and a large proportion of the inhabitants
(36%) are unemployed, with youth unemployment even
higher at 45% (Local Government Handbook Municipal Fact
Sheet, 2011). With education levels low, this resilience action
area indicates the need for better training and education
of communities living in sensitive natural environments and
an understanding of sustainable development. These are
important needs for a large part of the basin. Many areas
will experience warmer climate in areas with low adaptive
capacity if left unmanaged - the result of which is often an
overexploitation of the natural environment.

What can be done to build resilience?

Biodiversity

+  Legislate and/or provide other means for high level
conservation protection for the Upper Groot Marico
catchment and ecosystem

. Institute a moratorium on any new impoundments or
mining activities along the currently free-flowing parts
of the Marico River

*  Monitor changes in habitat and species populations and
ranges, including invasives, and take appropriate action
when warning signs emerge

TEMPERATURE: Increase by 2.5°C, increase in heat extremes 1St

RAINFALL: Slight increase or no change, increased

thunderstorm intensity

order

Soil moisture declines and there is increased evapo-transpiration.

Dams on both sides of the rivers have reduced water levels.
Groundwater is relied on more heavily, which threatens the

an

order

springs and may lead to water quality concerns.

There is a decrease in the productivity of ecosystems as
temperatures change habitats. Temperature also decreases water

availability, further placing the ecosystem under threat. There is
severe threat to the ecosystem of the upper catchment due to
lower flows, a drying of wetlands and less water storage capacity

in the soil.

3rd

order

Reduced agricultural productivity is observed as soils become

drier. Small-scale mining is scaled up to account for lost income,
reducing the quality of water. Heat stress to organisms decrease
the tourism potential of the area, as do water shortages. Potential
localized conflict between water users.

Figure 2.4: Upper Limpopo -
1st-to-4th Order Impact
Assessment

4th

order



Water

*  Monitor climate trends, groundwater and surface water
seasonal supply and demand (abstraction) in both
sub-basins (especially around the dolomitic springs
- or 'eyes') and take mitigating action when demand
exceeds supply

«  Adopt careful, flexible and adaptive water allocation
policies, linked tightly to development planning, with no
compromises on the ecological reserve

+  Adopt best practice waste and sewerage management

Box 2.1: Temperatures are driven by extremes

With global warming, temperature changes are not
experienced through changes in average femperature,
which could be dominated by the diurnal range, but by
the frequency and intensity of the extreme tfemperatures.
The number of very hot days and nights will increase,

Increase in Mean
Temperature and Variance

= = Old climate

——  New climate
cold weather

/
/
Figure 2.5: Increasing temperatures /
are driven by an increasing number

of extreme hot days (Source: Huber,
D and Gulledge, J., 2011)

Less change for /

fo ensure no accidental spills into water bodies

*  Maintain  bilateral  discussions and  implement
binding agreements on flexible and adaptive use and
management of shared water resources

Climate Resilient Development

«  Plan for alternative economic growth avenues and food
systems

+  Establish a basin-wide shared platform for joint
discussions of national and regional level threats

affecting the health of humans, animals and crop vyield.
This effect is already happening in the region and is
especially prevalent during drought (Kruger at al., 2014).
The relationship is presented in Figure 2.5:

Much more
hot weather

Average Hot

2.2.2 Pretoria North - Moretele (South Africa)

This is a region of villages that have grown and joined fo
make large sprawling seftlements, without visible supporting
infrastructure such as tar roads, sanitation, lighting and
schools. Decades of high-density stocking has led to
high levels of land degradation. Frequent fires destroy
grazing land and even homes, and fire-fighting services
are hampered by lack of resourcing and infrastructure.
The probability of an economic development that will take
the inhabitants out of poverty is not high, as there are few
reasons to locate significant economic development in
this area. Additionally, the potential for further agricultural
development is very limited. The water flowing through this
resilience action area is highly polluted through urban and
industrial effluent (originating in Tshwane) and is often not

safe for consumption. Downstream intensive agriculture in
the Crocodile sub-basin is placed at risk. The area consists of
low-lying land and wetlands, and is characterized by variable
rainfall, intense summer thunderstorms, periodic flooding
and droughts.

FUTURE POSSIBLE IMPACTS:

10% increase in annual rainfall (mainly in summer);
small increase in rain days; earlier beginning and
later end to rainy season; small increase in number
of convective rainfalls; warming by 2.5°C, highest in
spring; increases in heat extremes; warmer nights and
fewer frosts; risks of droughts remains high.

W2. VULNERABILITY MAPPING AND WHAT IT TELLS US
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TEMPERATURE: Increase by 2.5°C, increase in heat extremes ISt

RAINFALL: 10% increase in annual rainfall, greater intensity

thunderstorms, drought risk high order

Low-lying land becomes water-logged in heavy rain events, with
poor drainage. This compacts the clay soils and leads to cracking
under periods of drought. Wetlands dry out more rapidly in
summer.

an

order

Heavy rainfall combined with general aridification increases
erosion and land degradation. Grazing potential is significantly 31‘d

reduced. Livestock is at risk of pests and disease when area is

water logged.

order

Poorly planned urban settlements are vulnerable to flooding,
resulting in high economic and social costs to the area. An
increased reliance on social-grants is expected as agricultural 4th

and livestock productivity declines. Disaster risk management
is required, with costs to the economy. Pollution affects human
health as well as ecosystem resilience.

Figure 2.6: Pretoria North - 1st-to-
4th Order Impact Assessment

What does this mean for the basin?

The people of Moretele experience hardship as a result
of historically weak investment in infrastructure and basic
services. Lack of town and spatial planning, and poor
building standards combine with a drainage system of
numerous rivers and wetlands to create high risks of flooding
after heavy rains. High levels of unemployment, competition
for meager informal tfrade opportunities, poverty and
a weakened social fabric render many inhabitants very
vulnerable to shocks.

This resilience action area represents the wider vulnerability
of unplanned human settlements to climate variability - with
droughts and floods a significant economic and social
burden on the local economy. This area does not contain high
levels of biodiversity, but requires priority in future adaptive
capacity work done in the basin. The uncertain future of
employment in this area, driven by the mining industry,
underscores the urgent need to implement adaptive and
resilient development solutions which account for the need
for diversified livelihoods.

What can be done to build resilience?

Water
*  Monitor climate trends, groundwater and surface water
seasonal supply and demand (abstraction) in the

order

resilience action area and upstream catchment, and
take mitigating action when demand exceeds supply.
This is likely to imply that adjustments in the transfers
from the Vaal system and regulation of groundwater
abstraction must be made.

+  Monitor the state of the local wetlands, gain a better
understanding of wetland dynamics and use this
understanding to plan settlements within a flood risk
management strategy

* Implement an affordable but effective waste and
sewerage management strategy to reduce water pollution

+ Improve the disaster risk reduction and management
practices and resourcing for better responses fo flooding
and fires

Climate Resilient Development

+  Take measures fo restore the degraded communal
grazing lands, and insfill best practice livestock herd
management and grazing systems to sustainably raise
production levels

+  Conduct improved spatial planning and develop climate
resilient infrastructure, services and building codes

+ Explore and plan for alternative economic growth
avenues and livelihood options, by linking the area
to the economically vibrant Johannesburg-Tshwane
metropolitan area and surrounding growth nodes



2.2.3 Shashe-Limpopo River Confluence
(Botswana, Zimbabwe and South Africa)

This fransboundary resilience action area covers Botswana,
Zimbabwe and South Africa. It is an arid zone, containing
beautiful landscapes, abundant game and wildlife, and a rich
cultural history with much potential for tourism; however, the
area is currently categorized as having a dry, arid climate,
with very low rainfall and intense summer heat. The potential
for further development of ecotourism (game farms and
reserves and related tourism) and cultural/historical tfourism
(Mapungubwe and other sites) is large, although an increasing
economic reliance on mining and agriculture threatens such
possibilities. Mining consists of opencast coal extraction
(started 8 kilometers east of the Mapungubwe Heritage
Site) and diamonds (Venetia diamond pipe 26 kilometers
south of the border between South Africa and Zimbabwe).
Irrigated agriculture is located on both banks of the Limpopo
and extensive (low density) livestock grazing is practiced in
all three countries. This resilience action area incorporates
much of the proposed area of The Greater Mapungubwe
Transfrontier Conservation Area (TFCA).

FUTURE POSSIBLE IMPACTS:

10% decrease in rainfall (mainly summer); reduction in
mean number of rainy days; later start and earlier end
to rainy season; warming by 2°C (highest in spring);
increases in heat extremes; additional heat stress to
living organisms; risk of droughts and floods.

What does this mean for the basin?

The resilience action area's economy depends heavily on water
resources - including the shared alluvial aquifer used for crop
irrigation - and mining resources. Declining rainfall will see a
decrease in agricultural productivity and the need for alternative
livelihoods. This might take the form of increased mining
activities, with significant impacts on downstream water quality.
Increased utilization of resources for economic development,
including further mining and irrigated agriculture, needs to be
sensitive to the ecological fragility of the area and scarce water
resources, and possible implications of climate change. The
Transfrontier Conservation Area (TFCA) is the dominant focus
of governance, but is in conflict with the pressures for mining
activities. The unrestricted movement of animals across the
borders can create unwanted disease pathways, bringing the
practice info conflict with national economic entities relying
on the export of disease-free meat to foreign markets. TFCAs
provide a range of valuable opportunities to the region;
however, they currently face a multitude of challenges. While
detailed research on TFCAs is not within the scope of this
synthesis report, Box 2.1 discusses some of the key challenges
facing TFCAs, along with possible solutions.

This resilience action area captures the need for a better
understanding of livelihoods in a region of important
conservation value, as well as ways in which local communities
can be supported by a conservation area. If alternative
livelihoods are not addressed, challenges such as increased
poaching may increase. Conservation of the natural and cultural
heritage of the area will have benefits to people living in the
area, but will require good communication and collaborative
governance across the three countries fo succeed.

TEMPERATURE: Increase by 2°C, increase in heat extremes 1 st

RAINFALL: 10% decrease in annual rainfall, drought risk

increases

order

Ephemeral streams and rivers flow less often, reducing the flow

in the main stem of the Limpopo. Soil loses moisture, water levels
in dams decrease and groundwater is relied on more heavily.
Groundwater levels become more variable and alluvial aquifer

recharge is less frequent.

an

order

Vegetation cover decreases and biodiversity is at increasing risk

(especially birds and aquatic species). Small-scale farming is put
at risk and unsustainable groundwater harvesting is observed.
Despite the decline in carrying capacity, livestock numbers

3rd

order

increase and disease is observed.

Cross-border conflict between humans and animals occurs due to

migration out of the area. Livestock and human disease increases.
The TFCA areais at risk of a decrease in tourism, as wild animals

suffer from water shortages. There is a loss of income to the area

and human wellbeing suffers.

Figure 2.7: Shashe-Limpopo
River Confluence - 1st-to-4th
Order Impact Assessment

4th

order
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Box 2.2: Building adaptive capacity through TFCAs

Transfrontier ~ Conservation  Areas  (TFCAs),
Conservation Areas (CAs) and other types of
cross-border natural resource management efforts
are increasing, aiming to integrate ecosystem
conservation and socio-economic development.
They face the challenge of supporting communities
within these areas, along with those on the
conservation area's perimeter. Without diversified
livelihoods for these communities and limited
opportunities provided by the regulation of the
areas, it is likely (and understandable) that they will
revert to wildlife crime (Booth, 2013). Projects that
offer diversification of livelihoods are, for example,
The Wildlife in Livelihood Development (WILD)
Program, an EU-funded initiative that is aimed at
improving socio-economic and ecological resilience
of land-use activities and livelihoods in Zimbabwe
and Commodity-Based Trade.

The tfransmission of animal diseases through
TFCAs is also a significant barrier to realizing
climate-adaptive  responses  that  combine
conservation and socio-economic development.
Transboundary animal diseases such as foot-and-
mouth and bovine tuberculosis are inimical fo
the advantages that TFCAs bring to biodiversity
and ecosystem maintenance, particularly where
rural livestock production interfaces with wildlife
conservation (SADC, 2008). Concepts such as
"One Health" and the use of Commodity-Based
Trade (CBT), whereby animal products that are
disease-free can be traded out of the area into
disease-free zones (Thomson et al, 2004), are
possible adaptations to these animal diseases and
allow the confinued operation of TFCAs juxtaposed
with rural livestock production. In the One Health
approach, animal and human health are brought
under one program of surveillance, epidemiological
research and modeling, along with control and
containment  strategies  across institutional
boundaries and national borders - an operation
that has proven to be very challenging for a variety
of reasons (see Lee and Brumme, 2012).

What can be done to build resilience?

Biodiversity

Continue negotiations and planning between the three
countries to achieve the full extent of the Greater
Mapungubwe Transfrontier Conservation Area, with
conservation-sensitive land use and economic planning

on the periphery

Develop the potential for further climate- and
ecologically-sensitive nature-based and cultural tourism,

with the necessary supporting infrastructure

Identify and act on effective ways to reduce wildlife-

human conflict

Monitor, prevent, and respond effectively to wildlife-

livestock-transmissible diseases

Water

*  Maintain ftrilateral  discussions and  implement
binding agreements on flexible and adaptive use and
management of shared water resources, including the
alluvial aquifer

+  Exercise keen oversight of current and planned future
water use for mining and large-scale irrigation activities
around the Shashe and Limpopo Rivers, and interrogate
changes in viability and sustainability

+  Take a basin-wide systems view when planning intra-
basin water fransfers from one sub-basin to another e.g.
the North-South Water Carrier between Francistown and
Gaborone in Botswana

Climate Resilient Development

+  Manage conflicts between mining companies and other
land and water users, and avoid detrimental conversion
of landscapes which could reduce the future socio-
economic potential of climate-adapted resource use

+  Enhance current knowledge of shiffs in disease
prevalence and patterns as a result of climate change

2.2.4 Upper Umzingwane (Zimbabwe)

The Umzingwane fributary has its source just south of
Bulawayo in Zimbabwe. It is an ephemeral river, influenced
by periodic and highly variable inter-seasonal rainfall and
a long and hot dry season. The upper catchment of this
tributary generally has thin soils and the intense utilization
of catchment resources results in high levels of erosion and
sediment fransport in the river and its tributaries. Flood
plains near the river are especially used for agricultural
purposes, including the shallow alluvial aquifers found there,
because of their proximity to the water resource. Artisanal
gold mining and gold panning results in pollution and
substantial sediment disturbance and release into the river
and its tributaries. Water resource infrastructure (i.e. small
dams) have been poorly maintained and are in disrepair.

FUTURE POSSIBLE IMPACTS:

Slightly increased annual rainfall or no change
observed; increase in length of rainy season; more
thunderstorms; warming by 2.5°C, highest in spring;
moderate increase in heat extremes with additional
heat stress to living organisms; warmer nights and
fewer frosts; risk of droughts.

What does this mean for the area?

The increasing severity and occurrence of droughts in this
already semi-arid environment will be a key driver of stress in
the future. Threats to biodiversity arise from the destruction
of vegetation, soil erosion, land degradation and siltation, and
unsustainable depletion of water resources. Artisanal mining
of gold adds further pressure in this regard and conftributes
to the deterioration of water quality. Livelihoods are already
largely centered on climate-sensitive natural resources, with



TEMPERATURE: Increase by 2.5°C, increase in heat extremes,

heat stress 15t
RAINFALL: Little change in annual rainfall, drought risk order
increases

Ephemeral streams and rivers flow less often. Dam levels
and alluvial aquifer recharge is more variable and generally
decreasing. Risks to water quality increase (siltation and acid
mine drainage) as flows decrease. Increased risk of wildfires.

an

order

Vegetation cover decreases, land becomes unproductive without

irrigation in times of drought. Increased land degradation is rd
associated with a greater reliance on livestock. Risk of over 3
abstraction from aquifer to meet human and animal demand.
Animal diseases increase.

order

Livelihood options become more limited and crop productivity

declines. Subsistence farming is challenged and nutrition suffers.
Food security becomes a critical concern. Increasing reliance on 4th
mining on the river results in erosion and land mismanagement.

: : . order
Droughts threaten development and increases reliance on social

Figure 2.8: Upper
Umzingwane - 1st-to-4th
Order Impact Assessment

rain-fed agricultural livelihoods being highly vulnerable to
rainfall changes. Droughts decrease the productivity for the
area, leading to food insecurity and nutrition concerns for the
area. Migration out of the area and across country borders
(much of which is illegal) is a notable concern.

This resilience action area captures the need to build
resilience across water scarce regions throughout the basin -
with the common themes of declining agricultural productivity
in the face of already poor communities. Without adaptation
to drought across the basin, areas will become uninhabitable.
This in turn will have impacts on migration patterns and local
conflict over scarce resources such as water.

What can be done to build resilience?

Biodiversity
*  Manage and reduce the threats to biodiversity, such as
siltation and water pollution

Water

+  Develop adaptation approaches premised on soil water
conservation; this will utilize the water storage capacity
of the soils in the catchment

+  Monitor climate trends, groundwater and surface water
seasonal supply and demand (abstraction), and water
quality in the Umzingwane River and its tributaries -
take mitigating action where necessary

systems. There is migration from the area with cross-border impacts.

«  Exercise keen oversight of current and planned future
water use for mining and irrigation activities

«  Establish strong governance of the critical water resource
and its associated infrastructure, taking info account the
climate change projections for this sub-basin

+ Tap into the potential for greater sustainable use of
groundwater for humans, livestock and crops, within the
context of climate change

Climate Resilient Development

+  Continue the implementation of proven best soil and
water management practices, such as conservation
agriculture

*  Implement measures fo control erosion and siltation
caused by mining and poor land management

*  Rehabilitate the existing small dams and irrigation
schemes and put in place management and finances
for continued maintenance

« lIdentify and develop diversified livelihood options
offering better security and a more resilient future,
for example the development of game ranching in
communal areas

*  Involve all stakeholders in planning and decision-making

+ Establish a basin-wide shared platform for joint
discussions of national and regional level threats which
could flow from threats to the important Umzingwane
River sub-basin

2. VULNERABILITY MAPPING AND WHAT IT TELLS US
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Box 2.3: Challenges faced in the Umzingwane catchment area

Umzingwane district is a water catchment area for
several surrounding areas (including Bulawayo city),
with five dams supplying the area - Umzingwane,
Upper Ncema, Lower Ncema, Inyankuni and
Umtshabezi. These dams lie along three primary
rivers (Umzingwane, Insiza and Mtshabezi) and host
a concentration of (both legal and illegal) alluvial gold
panning activities (FAO, 2004). With this activity,
however, comes the risk of huge amounts of silt being
released into the river system - and alongside soil
erosion, worsens the risk of flooding and drying up of
the water reserves (Phiri, 2011). Indeed, Inyankuni and
Upper Ncema were decommissioned in late 2013 due
to how dry they were (Moyo, 2014), unable to function
or supply the district with water. In addition to the main
climatic driver in the area being droughts, sparked by
erratic rainfall and high temperatures, such activity has
severe implications for water resource management.
The area is also hampered by governance issues,
due to a variety of actfors involved in management
of the catchment area. The Umzingwane Catchment

Council, mostly comprised of powerful farmers
represented through the Rural District Councils

(RDCs), manages the catchment area (Love, et al,
2005). However, the catchment area is extensive,
falling under different districts and provinces, and
thus requires greatfer coordination and consideration
of various interests and activities. To date, other
stakeholder groups, particularly those of the ‘lower
tiers' (e.g. communal or resettlement farmers)
have had minimal participation in sub-catchment
management, and are not effectively represented,
lacking capacity and water monitoring skills
(MCC, 2010).

Governance by different institutions overlaps, is
confused, or has insufficient capability for rectifying
negative trends. The idenfification and development
of diversified livelihood options offering the inhabitants
better security and a more resilient future is urgently
required, however, these opportunities are few, if any. It
is likely fo be more feasible to implement sustainable
land use practices, including sustainable artisanal
mining. Planning and decision-making needs fo
involve all local stakeholders and national planners/
regulators and produce a strong monitoring system,
which includes water quality and erosion control.

2.2.5 Soutpansberg (South Africa)

This region, central to the Vhembe Biosphere and known for
its exceptional biodiversity and high species endemism, is a
conservation priority. The mountains of the Soutpansberg
are an important 'water fower’ in this otherwise semi-arid
environment, meaning that the area's runoff is proportionally
higher than its surrounds and supports a cloud forest at higher
altitudes. However, the area is not formally protected. The
area is also known for its important cool, high-lying wetlands.
Factors such as unsustainable farming methods, vegetation
clearing and pollution are impacting the area's ability to act as
a water source for the basin. A healthy catchment will protect
biodiversity, building both the resilience of the area itself, and
that of the basin as a whole. The area already experiences
highly temporal and spatial variability in rainfall and land
degradation despite its importance as a biodiversity centre.

FUTURE POSSIBLE IMPACTS:

10% decrease in rainfall (mainly summer); reduction in
mean number of rainy days; later beginning and earlier
end to rainy season; lifting of the cloud base, resulting
in loss of mist interception in the cloud forest; warming
by 2°C (highest in spring); increases in heat extremes;
additional heat stress to living organisms; risk of

droughts and floods.

What does this mean for the basin?

Tracing the effects of just one climatic shock, such as
a decrease in rainfall, sees drastic changes occurring
throughout the ecosystem and impacting livelihoods in the
area. Of critical concern in this resilience action area is the
importance of maintaining the integrity of its ability to act as
a water source for downstream users. The area provides three
fundamental ecosystem services to the basin - the provision
of water, the regulation of its flow, and quality improvements
for downstream users. Without adequate management
of the river banks and the vegetative cover and soil, these
ecosystem services will be compromised. This resilience
action area captures the need for effective management of
all such water source areas, highlighting the fact that these
areas are also usually high priority biodiversity areas and
centers of endemism. Compounding climate variability is the
fact that a reduction in rainfall results in a proportionally higher
reduction in runoff (Huang et al., 2014). Stronger governance
of land use is required, with enforced protection of natural
areas. Some areas are more strongly protected than others,
and institutional and legislative frameworks for conservation
are generally fragmented (Paterson, 2009). Additionally,
the management of anthropocentric activities such as poor
infrastructure (e.g. dirt roads), overgrazing and trampling,
vegetation cutting, washing, excessive fishing and sand mining
will have significant costs to communities if left unmanaged.



TEMPERATURE: Increase by 2°C, increase in heat extremes 1St

RAINFALL: 10% decrease in annual rainfall, drought and

heat stress risk increases

order

Semi-arid areas transition to arid areas, putting pressure

on indigenous vegetation. A decrease in rainfall results in an
a proportionally higher decrease in runoff, affecting the
river flow downstream. Soil moisture decreases, erosion is order

observed and land further degrades.

Biodiversity suffers as water supply decreases. Alien vegetation

may increase, reducing water flows further. Ecosystem services 7
(regulation and quality) decrease. Wetlands dry out. Agricultural 3
productivity decreases and reliance on livestock increases. Water order
quality deteriorates and there are siltation concerns due to erosion.

Reduced runoff becomes a driver of stress in the area, with

negative impacts downstream. Siltation decreases productivity of th
infrastructure. Agricultural livelihoods, in addition to those reliant 4

on environmental services (such as subsistence fishermen) become  order
difficult, with increasing poverty and food security experienced.

Figure 2.9: Soutpansberg - 1st-to-4th
Order Impact Assessment

What can be done to build resilience?

Biodiversity

Legislate or provide other means for high level
conservation protection for the biodiverse Soutpansberg
(Vhembe Biosphere)

Remove alien vegetation and invasive species

Water

Maintain the ecosystems (particularly the higher
catchments and cloud forests) in order to maintain river
flows off the slopes

Remove invasive woody species that utilize a substantial
proportion of potential runoff

Monitor climate trends, groundwater and surface water
seasonal supply and demand (abstraction) in the
Levuvhu and Nzhelele Rivers and their tributaries and

take mitigating action when demand exceeds supply;
tap info the remaining potential for sustainable use
of groundwater in the Levuvhu sub-basin for humans,
livestock and crops

Develop adaptation approaches premised on soil water
conservation; this will utilize the water storage capacity
of the soils in the catchment

Exercise keen oversight of current and planned future
water use for mining and irrigation development, and for
ecosystems and eco-tourism. Systematically interrogate
trade-offs between different opportunities and their
long-term economic and ecological sustainability
Establish strong governance of the water resource and
its associated infrastructure, taking into account the
climate change projections for this sub-basin

2. VULNERABILITY MAPPING AND WHAT IT TELLS US
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2.2.6 Pafuri Triangle (South Africa, Zimbabwe

and Mozambique)
The Pafuri Triangle is the second point (after the Shashe-

Limpopo confluence further upstream) where three of the four
basin countries share a common point, making collaborative
governance of water and biodiversity a critical response to
vulnerability in the area. The area has a particularly harsh, arid
climate, with low rainfall, intense summer heat, droughts and
the occasional flood. The habitats of the Levuvhu tributary
provide a refuge for many plant and animal species which are
currently adapted to these conditions. Climate change will
have an exacerbating effect on these ecosystems. Compared
to other areas of the basin, the Pafuri triangle has a relatively
small population; however, land use and competing inferests
in the area for water and natural resources have made the
area particularly vulnerable to climate stress.

Large-scale efforts to achieve transboundary conservation
of a unique natural and cultural heritage, with benefits to the
divergent peoples of all three countries, will require good
communication and collaborative governance to succeed.

FUTURE POSSIBLE IMPACTS:

Possible transition to arid in areas, especially
Zimbabwe and Mozambique areas; 10% decrease in
annual rainfall (mainly summer); small reduction in
mean number of rain days; later start and earlier end
to rainy season; rainfall changes strongly influenced
by changes in cyclones from Indian Ocean (possibly
more intense, less frequent); warming by 1°C, highest
in spring; increase in heat extremes; additional heat
stress to living organisms; risk of droughts and
floods remains.

What does this mean for the basin?

Erratic weather patterns in the region scale through the
system with significant impacts to livestock and crop
productivity. Climate variability also impacts on eco-fourism,
further reducing the ability of the population to make a living

TEMPERATURE: Increase by 1°C, increase in heat extremes,

heat stress

RAINFALL: 10% decrease in annual rainfall, drought risk

increases, flood risks remain

1st

order

High rainfall variability leads to severe water stress in this region,

with longer periods of low flows in the rivers. Episodic flash
floods occur after heavy rainfall. Groundwater levels become

an

order

more variable and are often decreasing.

Vegetation cover decreases and species range changes.

Productivity of grazing is reduced and livestock/game
production becomes more variable and at higher risk of
drought. There is increased cross-border animal movement

3rd

order

and lower rainfall crop yields.

Agricultural livelihoods become marginal, while alternative

livelihoods decline as eco-tourism is impacted. Migration
becomes an even more significant feature of this transboundary
region. Human health is challenged by poor nutrition, migration
and transhumance. Collaborative governance becomes of
critical importance.

Figure 2.10: Pafuri Triangle - 1st-to-4th
Order Impact Assessment

4th

order



away from subsistence livelihoods. Socio-economic needs
and a population that is highly connected regionally (with
high rates of cross-border movement of people and goods)
could mean that climate-driven hardship and instability
may have transboundary impacts. Climate variability also
imposes risks on the local biodiversity of the region with
expected shifts in the range, population size and resilience
of animals and plants. The potential for eco-tourism in the
area remains; however, to realize the full benefits, the Great
Limpopo Transfrontier Park requires stronger governance
and enforcement of conservation legislation. Given the
different legislative and management capacities of the
different countries that share this region, coordination may
experience difficulties.

Pafuri represents a microcosm of the greater challenges
and opportunities facing the basin, capturing the need for an
integrative approach to water and conservation areas across
countries, and the need to provide alternative livelihoods in
areas that have traditionally relied on rain-fed agriculture. The
area also faces water quality challenges and issues related
to inequality in natural resource access (notably water) and
consumption between users. It could be a useful pilot-project
area for a project on alternative livelihoods strategies.

"The water is very salty and not good and | was very very
sick ... the Government there is not concerned about the lives
of those communities and that those communities need
help." - A researcher from the Makuleke Community, after
travelling exfensively in remote rural areas bordering Parfuri
in both Mozambique and Zimbabwe.

What can be done to build resilience?

Biodiversity

+  Continue negotiations and planning between the three
countries tfo realize the full extent of the Great Limpopo
Transfrontier Park, with conservation-sensitive land use
and economic planning on the periphery

+  Develop the potential for further climate-and ecologically-
sensitive nature-based and cultural tourism, with the
necessary supporting infrastructure such as roads

« lIdentify and act on effective ways to reduce wildlife-
human conflict

*  Monitor, prevent, and respond effectively to wildlife-
livestock transmissible diseases

«  Joint efforts to control poaching must be enhanced

Water

*  Where subsistence farming still occurs, develop
adaptation approaches premised on soil water
conservation

+  Monitor climate trends, groundwater and surface water
seasonal supply and demand (abstraction) in the
Limpopo River and joining tributaries - take mitigating
action when demand exceeds supply

*  Maintain  ftrilateral  discussions and  implement
binding agreements on flexible and adaptive use and
management of shared water resources

«  Exercise keen oversight of current and planned future
water use for mining and other water-consumptive
activities, and interrogate changes in viability and
sustainability

Climate Resilient Development

+  Manage potential conflicts between land and water
users, and avoid detrimental conversion of landscapes,
which could reduce the future socio-economic potential
of climate-adapted resource use

* ldentify and develop diversified livelihood options
offering better security and a more resilient future
(for example, the development of game ranching in
communal areas)

*  Involve all stakeholders in planning and decision making

2. VULNERABILITY MAPPING AND WHAT IT TELLS US
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2.2.7 Middle Olifants — Former homeland area
of Lebowa (South Africa)

Current features of this resilience action area are a high
population density with inappropriate agricultural and
governance arrangements, stemming from its history as a
former homeland area under apartheid South Africa. Much
of the land degradation stems from unclear land tenure
and ownership rights. Land degradation has led fo reduced
ecosystem productivity, widespread poverty and poor health
for people in this area. The higher-lying catchments, such as
the Wolkberg, generate a high proportion of surface runoff into
the Olifants sub-basin, one of the largest contributors of water
info the Limpopo River system. Water pollution is a driving
concern in the area - stemming from industrial effluent, acid-
mine drainage and badly maintained sewage infrastructure,
especially in the Olifants River. Water quality is increasingly
poor, with high acidity and heavy metal concentrations
arising from the coal mines and industry on the Highveld and
Gauteng. Metals precipitating into river sediments are released
during floods and transported downstream.

FUTURE POSSIBLE IMPACTS:

10% decrease in annual rainfall (mainly in summer);
small reduction in mean number of rain days; later
start and earlier end to rainy season; warming by 2°C,
highest in spring; lifting of the cloud base, resulting in
loss of mist interception in the cloud forest; increases
in heat extremes; additional heat stress to living
organisms; risk of droughts and floods; warmer nights,
fewer frosts.

What does this mean for the basin?

Lebowa was one of the self-governing 'homelands' during
the South African apartheid era. Whilst the surrounding area
benefits from intensive commercial agriculture and mining
(particularly for platinum), the former homeland area has a
very limited economic base comprised mainly of subsistence
farming. The area already has significantly low adaptive
capacity, with land degradation, soil erosion, inappropriate
farming practices and challenging governance systems.
Increasing temperatures will see a decline in soil moisture,
decreasing vegetative cover, and water flows being reduced
through increased evaporation. Water quality concerns will
become an even greater challenge as industrial effluent, as
well as that from sewage works, remains poorly managed.
In this degraded system there are areas of important
biodiversity value (such as the Sekhukhuneland grasslands),
as well as important runoff areas in higher altitudes.

With education levels low, this resilience action area
indicates the need for better fraining and education of
communities living in sensitive natural environments and
an understanding of sustainable development. These are
important needs for a large part of the basin, due to many
areas experiencing warmer climate in areas with low adaptive
capacity. If left unmanaged, the result is likely to be an
overexploitation of the natural environment.

TEMPERATURE: Increase by 2°C, increase in heat extremes,

heat stress

RAINFALL : 10% decrease in annual rainfall, drought risk

increases, flood risks remain

1st

order

Already-degraded land experiences reduced moisture content.

Increasing evapotranspiration reduces flows in rivers and
streams. Soil erosion and river siltation aggravated by loss of
vegetation cover. Water quality exacerbated by lower flows;

increased risk of fires.

an

order

Grass/shrub cover decreases, rangeland productivity

decreases and land becomes further degraded. Commercial
agriculture is exposed to risk of insufficient water supply with
lower water levels in dams. Increased incidence of disease.

3rd

order

Aridification of habitats impacts biodiversity.

Pressures on agricultural systems with few alternatives. Severe

land degradation threatens land productivity. Food security

in populated areas becomes a concern and as planting season
affected. Human health is affected. Water-related conflicts and
industry development constraints are expected.

Figure 2.11: Middle Olifants — Former
homeland area of Lebowa 1st-to-4th
Order Impact Assessment

4th

order



What can be done to build resilience?

Biodiversity

+ Legislate or provide other means for high level
conservation protection  for  the biodiverse
Sekhukhuneland grassland ecosystem

. Remove alien vegetation and invasive species

Water

. Monitor climate trends, groundwater and surface water
seasonal supply and demand (abstraction) in the
Olifants River and its tributaries - take mitigating action
when demand exceeds supply

*  Adopt best practice industrial and domestic waste and
sewerage management to ensure no accidental spills or
pollution into water bodies

+  Develop adaptation approaches premised on soil water
conservation; this will utilize the water storage capacity
of the soils in the catchment

+  Exercise keen oversight of current and planned future
water use for mining and irrigation development, and
systematically interrogate trade-offs between different
opportunities and their long-term economic and
ecological sustainability

«  Establish strong governance of the water resource and
its associated infrastructure, taking into account the
climate change projections for this sub-basin

Climate Resilient Development

+  Develop scenarios of future climate-adapted land use
and farming systems, together with feasible alternative
economic growth and livelihood pathways and
associated infrastructure development needs

+  Establish strong and just governance of access to, and
use of, productive natural resources

2. VULNERABILITY MAPPING AND WHAT IT TELLS US
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2.2.8 Lower Limpopo (Mozambique)

The lower Limpopo region, from Chokwe through the Guija
district down to the coast of Mozambique at Xai-Xai, is a low-
lying area dominated by the Limpopo River flood plain. The
flood plain is used intensively for agriculture, where sufficient
drainage of soils can be obtained, but is a wetland in other
areas. Vulnerability in the area stems from the fact that much
of the flood plain is occupied, with high population density
in urban centres. The area is affected by severe flooding,
caused by cyclones in the area, as well as from heavy rainfall
upstream. Tropical cyclones from the Mozambique Channel
cause intense rainfall in the mid and even upper Limpopo
and Changane catchments, causing water levels to rise
markedly.

Uniquely, and in addition to flooding, the area also
undergoes significant periods of drought. Making a livelihood
in this region is particularly difficult. Despite the rich soils of
the flood plain for agriculture purposes, people are generally
poor - and are left in a state of desperation when inclement
weather affect their livelihoods.

FUTURE POSSIBLE IMPACTS:

Transition to sub-humid climate in parts; 10% increase in
annual rainfall (mainly summer); possibly fewer tropical
cyclones but more likely to be intense and capable
of causing significant damage from floods; stronger
coastal storm surges accompany stronger onshore
winds; likelihood of more frequent droughts inland; sea
level rise; moderate warming of 1°C; moderate increases
in heat extremes; warmer nights.

What does this mean for the basin?

This area's unique vulnerability stems from the reliance on the
floodplain by most of the region's population, with significantly
low adaptive capacity to flooding due fo high levels of
poverty and a reliance on agricultural livelihoods. Frequent
and very severe flooding, driven by coastal tropical cyclones
and sometimes by heavy rainfall upstream, has encouraged
people to move away from the floodplain settlements to higher
ground and fowards the coast. This is leading to unplanned
peri-urban growth with social ramifications. Flooding has a very
real impact on infrastructure costs and the area's economic
potential (especially with regards to tourism at the coast). Not
only is food security threatened in times of flooding, but the
risks of cholera, malaria and diarrhoea increase due to poor
infrastructure such as drainage, bridges and waste removal.

While there is some uncertainty of climate projections for
this region and whether rainfall and cyclones will occur with
increased frequency, it is likely that the region will be subject
to increasing weather variability in the future. The most crucial
adaptation in this area is o build the resilience of communities
to flooding through a combination of early-warning systems
and better catchment management practices.

What can be done to build resilience?

Biodiversity

*  Protect coastal mangrove and other forests and
their biodiversity and re-plant mangroves to provide
ecological infrastructure resilience

TEMPERATURE: Increase by 1 °C, increase in heat extremes,

heat stress

RAINFALL: 10% increase in annual rainfall, fewer cyclones

1st

order

but flood risks remain, drought frequency increases

Waterlogging of wetland and estuaries spills over into previously
productive land, increasing the level of standing water in the

an

area. Flooding is strongly associated with soil erosion. order
The productivity of land is greatly reduced by waterlogging.
Crops are ruined and seasonal cropping patterns have to alter.
Livestock death is associated with unanticipated flooding, 31‘(1
while standing water may result in further livestock loss d
oraer

through increased vector-borne disease. There is biodiversity

loss in periods of flooding.

Human health is affected by increase in disease, with malaria

Figure 2.12: Lower Limpopo - Ist-to-4th
Order Impact Assessment

being a notable concern. Food security becomes a challenge as
productivity of land (crops and livestock) decreases. There are
large infrastructure costs associated with floods and a migration
to higher areas. Conflict may arise in these areas if migration is

unmanaged. Industry, especially tourism at the coast, is impacted.

4th

order



Water

+  Complete the rehabilitation of large and smaller irrigation
schemes to standards that are climate-resilient, as well as
other neglected infrastructure (such drainage systems)

*  Increase the mobility of the region so that effective
disaster responses can be carried out

+  ldentify weaknesses in flood early warning systems and
disaster responses and continue improving on these

Climate Resilient Development

+  Strengthen alternative economic growth avenues away
from climate-dependent subsistence (e.g. through the
Mozambique-South Africa economic development
corridors)

+  Strengthen land use planning and spatial development
to ensure that infrastructure, settlement and agricultural
development are aligned with climate-related risks

*  Improve the understanding of the health impacts of
climate change and strengthen the public health service
accordingly

«  Strengthen the role of women in disaster risk management
structures and processes, and in diversifying livelihood
opportunities

Insights

“If the Government wants to appease these
communities, let's start with the river” - Peter Phefo,
Bahurutse Boo-Mokgatla Traditional Authority

In broad terms, the most important driver of vulnerability is
sufficient access to water, as is evidenced by water stress in
many of the resilience action areas. Vulnerability is also defined
by the high reliance of livelihoods on rainfed agriculture and
population density. Population density becomes an indicator
of vulnerability when there are low levels of infrastructure
and low adaptive capacity. In the Botswana, Zimbabwean
and Mozambican parts of the basin, data quality was poor
or lacking in places, resulting in a more pixelated GIS image.
Despite the poor data quality, the methods used in this study
were relatively robust as variables were chosen according
to relevance, and weighted according to their quality. This
shortcoming might be improved by better spatial resolution
of national data collection.

An underpinning question in each resilience action area
analysis is whether there is a danger of climate impacts
placing a given system close to (or at) a critical threshold.
Further research is needed for a detailed answer to this
question. However, it is evident in the eight resilience action
areas represented here that the high altitude catchments
generate much of the water needed downstream in the
basin (highest runoff per unit area), and that these are also
locations of the highest biodiversity and levels of endemism
in the basin system. Whilst these areas cannot currently be
defined as facing tipping points, it is essential that they do
not reach a critical threshold given their strategic importance
to the basin - a ‘closed’ system.

2. VULNERABILITY MAPPING AND WHAT IT TELLS US
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Governance in the Limpopo River
Basin — a systems approach

As the water sector is more mature than ecosystem services
and biodiversity, with stronger institutions and a solid research
foundation, there is more information available and it is easy
to emphasize this sector. However, the focus on ecosystems
services and biodiversity is increasing. Furthermore, the
global political economy has brought climate change and
variability into sharp focus with concomitant evolution of
instfitutional arrangements - indeed, the issue of climate
governance is fast gaining global and regional traction. The
political economy of both the national and sub-region system
further drives complexity in the governance arrangements.

3.1 Water

3.1.1 The evolution of regimes

A history of bilateral agreements

Small-scale irrigation in the South African part of the Limpopo
River Basin first took off around 1907 and the first irrigation
district was declared in 1923 (Ashton et al., 2008). Since
then, bilateral water-use agreements have been an important
feature in regime creation in the basin system, based on a
series of agreements between South Africa and Portugal
beginning in 1926. An agreement around the building of the
Massingir dam on the confluence of the Olifants and Letaba
tributaries followed in 1971. These recognized the 'mutual
interests’ of the colonial powers in the basin. Although
concluded at a time when water was considered an infinite
resource, these agreements provide important insight into
South Africa's ability o wield power and advance the nation’s
economic interests within the bounds of bilateral cooperative
agreements, which placed no restrictions on South Africa
developing its water resources (UNEP, 2005).

In 1983, Mozambique, South Africa, and Swaziland
established the Tripartite Permanent Technical Commission
(TPTC) to guide the management of water usage in the
Limpopo, Nkomati, and Maputo rivers. This was the first
attempt fo establish a multilateral cooperative regime and
it failed to make a meaningful impact, stemming from the
fact that it did not include Botswana or Zimbabwe, and did
not have the political backing of Mozambique. South Africa
and Botswana established the Joint Permanent Technical
Committee (JPTC) in 1983, which was later upgraded to a
commission in 1989. The bilateral arrangement functioned
well, producing the Joint Upper Limpopo Basin Study
(JULBS) in 1991, which evaluated water levels and quality; the

current and future requirements of water for both countries;
and the feasibility of constructing three dams to regulate
the river flow for development purposes, particularly water
supplies to Gaborone from the Molatedi Dam. This fostered
clear collaboration between South Africa and Botswana.

3.1.2 A basin-wide regime

The Limpopo Watercourse Commission (LIMCOM)

Resolving the flaws of the TPTC led to the establishment
of the Limpopo Basin Permanent Technical Commission
(LBPTC).

Regional agreements are a relatively recent feature of the
basin (Aurecon, 2013). Until the LBPTC was established in
1986 as the first basin-wide regime to include all the Limpopo
River Basin countries, agreements were bilateral in nature.
Initially, progress was slow due fo political friction caused by
Mozambique and Zimbabwe's support for the South African
liberation movement under the apartheid regime. Under a
new climate of building peace and good political will after
1994, the LBPTC, a non-functional organization for nearly a
decade, readdressed its mandate and initiated a new round
of negotiations between the four riparian states. The renewed
effort resulted in (1) the Agreement on the Establishment of
the Limpopo Watercourse Commission, signed in 2003; (2)
The LIMCOM Action Plan, produced in 2005 in partnership
with SADC/ WD; and (3) the Joint Limpopo Scoping Study,
completed in 2010. In 2011, the LIMCOM Agreement was
ratified and replaced the LBPTC as the acting body for
fransboundary water governance in the basin.

Toward a Shared Vision for the Limpopo River Basin

Today, LIMCOM is still an embryonic institution. The
institution needs to develop into a significant catalyst
for transboundary collaboration. Developing an agreed,
shared vision is at the forefront of the number of issues
that need to be addressed to position LIMCOM as this
catalyst. There are important decisions being made about
sharing regional water resources that fall on LIMCOM to
implement. An inter-basin fransfer is envisaged between
the Zambezi and Limpopo Basins, to supplement the
Dikgatlhong dam via the North-South Carrier in the
Botswana portion of the basin. LIMCOM will be required
to facilitate this transfer through the Zambezi Watercourse
Commission (ZAMCOM). At present, LIMCOM is mandated
as an advisor to the Parties, and carries out a primarily
data-sharing function (Aurecon, 2013).
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3.1.3 The regional regime
The SADC Water Division (SADC/WD)

Housed within the Directorate of Infrastructure and
Services, the SADC Water Division (SADC/WD) is an
important institutional acfor in the governance of the
Limpopo River Basin. SADC/WD's mandate is to promote
regional cooperation. The large number (14) of international
river basins within the SADC makes transboundary water
management a key element of the regional body's operation.
The division's main objectives are to develop, implement, and
monitor a regional water policy and strategy that reflects the
international water management norms advanced by the
UN Watercourse Convention, the Helsinki Rules, and the
Dublin Principles. Established in 2003, the development of
the SADC/WD has been largely supported and funded by
the German government through the state-owned German
Technical Cooperation Agency (GTZ), now GIZ. At this stage
in the SADC/WD's development, there are two main causes
of concern. Firstly, the division does not have adequate
financial, technical, and personnel capacity to coordinate the
management of the 14 international basins in the regional
economic community (REC). Secondly, the lines of division
and roles and responsibilities between SADC/WD and the
River Basin Organizations (RBOs) in the region are not
clear. This is partly because of the way the Revised SADC
Protocol (SADC, 2000) is structured. As it stands, it is a
framework for managing shared rivers but does not outline
explicit basin-specific rules (Aurecon, 2013). The Protocol
provides general principles for future water management,
while allowing RBOs autonomy in how they will implement
these principles. The situation is further complicated by the
embryonic status of some RBOs. As a result, LIMCOM is
significantly under-resourced and SADC/WD is currently
supplementing LIMCOM's capacity.

3.1.4 Toward decentralized national water
structures

Despite this drive for regional cooperation, water management
is essentially still implemented on a country-by-country basis
in the Limpopo River Basin. National political economies are
thus the main driver of water governance in the region. This
poses a direct contradiction for regional cooperation and
fransboundary water management.

Nonetheless, guided in part by the SADC regional
strategic framework, the past two decades have seen all
basin countries undergoing a degree of water policy reform.
Despite being designed to incorporate new international
norms for integrated water management, these nationally
driven processes have resulted in water policies that are not
harmonized. This poses a further challenge for transboundary
water governance. The water policy reforms are briefly
discussed below.

Botswana

Botswana is characterized by significant rural-urban
migration and a declining rain-fed agricultural sector.
Increasing domestic and industrial demand places additional

stress on water supply. Most of the farms along the Limpopo
River are game and cattle ranches, and land ownership is
not widespread. Private farms dominate land use and private
landowners therefore drive governance and influence most
key decisions. As a result, community-based natural resource
management (CBNRM) activity does not feature.

This is enabled by the centralized institutional structure
of Botswana's water policy. Most water reforms in southern
Africa have taken water policy toward decentralized
management approaches. However, Botswana remains the
most centralized of the four riparians. National water policy is
still regulated by the Water Act of 1968 - which is outdated
in terms of water allocation and use. Additionally the Act
does not deal with water quality cconcerns; management
of water quality is currently the responsibility of a number
of Acts dealing with pollution. This adds further complexity
to water management in the country (Aurecon, 2013). The
DWA, housed within the Ministry of Minerals, Energy, and
Water Resources (MMEWA) is mandated with the efficient
management of water resources for socio-economic benefit.

A few water sector reforms have taken place, although these
have not been wholly successful. The Water Ufilities Corporation
(WUC), established in 1970, is a state-owned enterprise tasked
with the provision, management, and development of the nation's
water resources, a mandate that previously sat with DWA. WUC's
mandate has expanded over the years to include supplying
potable water fo urban centers and villages and managing
wastewater. Since these reforms were implemented, making
WUC the sole supplier of water, there have been widespread
water shortages, mainly due to lack of capacity or infrastructure.
Also, mandates are not always well defined. For example, mining,
a significant threat to the future of water in Botswana, falls
outside of WUC's mandate. Botswana does, however, have the
Water Resources Council (WRC), an independent regulatory
body that advises the Minister of Minerals, Energy, and Water
Resources on the allocation of water resources to the industry,
mining, agriculture, and urban sectors. National and sectoral
development plans are dominated by allocations of water to
mining and agriculture, with little emphasis on allocations to
maintaining biodiversity.

In 2008, Botswana initiated a Water Sector Reforms Project
with the objective of reforming the institutional structures
and policies that guide water management. This is a work in
progress and the country authorities concerned are focusing on
decentralizing watfer resource management along the lines of
Integrated Water Resource Management (IWRM) principles. At
present, Botswana has created no legal or institutional framework
that incorporates IWRM principles or provides a legal body for
stakeholder parficipation, although traditional community councils
are recognized as playing a role in resolving water disputes af the
local level. Three new institutions that will be established as part of
the Sector Reform include the Water Resources Board, advising
the MMEWA on water management policy; Water Management
Area Bodies, responsible for the development and management
of water in their jurisdictions; and Village Water Development
Committees, responsible for the management of water in village
areas. While these changes are still to be implemented, the
government has recognized that further reforms will be necessary
in order to meet the needs of its citizens.



Mozambique

Mozambique is currently in the process of fransforming its
water sector by implementing its Water Policy of 2007. The
policy clearly recognizes IWRM principles and, consequently,
there is a shift fo decentralized management. This policy
also acknowledges the role of the private sector in water
management and recognizes watfer and sanitation as a
social and economic good. It is built on the principle of
demand-responsive provision of resources and aims to
reduce the direct influence of central government (Aurecon,
2013). The National Water Council and the National
Directorate for Water (DNA), housed in the Department of
Public Works and Housing, are jointly responsible for the
planning, operation and monitoring functions regarding
water resources (Aurecon, 2013). The National Water Law
of 1991 provides a critical legal framework, emphasizing the
need for inter-sectoral coordination of water management.
This Law also delegates water management to five Regional
Water Authorities established around the main water basins.
The Law establishes two general classifications of water
bodies - common and private. Common waters are free to
use and do not require any license or payment, while private
water use requires authorization by license or concession
(Aurecon, 2013). The National Directorate for Agricultural
Hydraulics (DNHA), within the Ministry of Agricultural and
Rural Development, directs water management for irrigation
and drainage. Together, the National Water Law of 1991 and
the Water Policy of 2007 lay the legal and policy foundation for
water management in Mozambique, with the primary objective
of creating a decentralized institutional structure organized by
river basins to ensure local participation.

South Africa

South Africa has been actively pursuing its decentralization
agenda in water management, with the establishment of
nine regional Department of Water Affairs (DWA) offices.
These have both a regulatory and sector support mandate,
meaning that they each have a quality, allocation and disaster
management function (Aurecon, 2013). Water resource
management is governed by the National Water Act (36 of
1998), a document which mentions meeting international
obligations as one of its purposes (Aurecon, 2013). The
act acknowledges the right to water for both basic human
needs and for maintaining ecosystem functioning. This
document is supported by the National Water Resource
Strategy (1997), which establishes Catchment Management
Authorities (CMAs) and Water User Associations (WUAs).
The policy reforms of 1997 and 1998 transformed water
management structures, dividing the country info nineteen
Water Management Areas (WMAs), four of which are
located in the South African portion of the Limpopo River
Basin - the Limpopo, Luvuvhu and Letaba, Olifants, and
Crocodile WMA. The purpose of these WMAs is to delegate
water management to the catchment level while involving
communities in decision making. Despite this apparent
devolution of decision-making and management, the WMAs
are not yet functional entities, hence decision-making is still
centralized at DWA. This has obvious implications for resolving
highly localized challenges inherent in South Africa's water

system. Local needs are de-emphasized in decision-making
process, potentially reducing the appropriateness of policies.

The South African Department of Water Affairs (DWA) is
responsible for the nation's water management system. It
oversees the provision of water by provincial and municipal
authorities and regulates the allocation of water through
conftrolling the licensing process. The Water Tribunal is an
independent body that handles legal disputes over water
resources. In the past, the Water Tribunal has been able to
provide an expeditious means of implementing the National
Water Act; however, there remains some confusion over its
authority and functioning since its effective disbandment at
the end of August 2012 (Vermaak and Strydom van Dyk,
2013). Given the importance of water to South Africa's
economy, increasing the authority and efficiency of the
Tribunal would encourage stronger water management in
South Africa.

Zimbabwe

The Ministry of Water Resources Management and
Development is the custodian for water rights, policies
and development (Aurecon, 2013). The year 1998 saw a
significant shift in water policy, with the passing of the Water
Act and the establishment of the Zimbabwe National Water
Authority (ZINWA). These two changes shifted policies in
Zimbabwe tfoward decentralized management, structured
around catchments and sub-basins. The Zimbabwe National
Water Authority (ZINWA), a government-owned enterprise
under the Ministry of Water Resources Development and
Management, is responsible for urban water planning and
supply, water allocation and provision for industry, agriculture
and mining, dam management, and Catchment Council
oversight, while the National Action Committee for Water
and Sanitation under the Ministry of Local Government is
responsible for rural water supply (Aurecon, 2013). As with the
current system in Mozambique and South Africa, Zimbabwe
has a framework for decentralized water management, but
it has not yet been fully implemented. Similar to the South
African case, having centralized decisions decreases the
likelihood that local needs are met with appropriate policy
changes and interventions. Zimbabwe has a new Ministry
for Environment, Water and Climate Change (established in
September 2013). This replaces the Ministry for Environment
and Natural Resource Management and highlights climate
change as a key issue in the broader frame of ministries.

3.1.5 Stakeholder participation and data sharing
in the Limpopo River Basin system

The principles of IWRM have underpinned water reform
but the voice of local stakeholders remains unheard. The
acceptance of IWRM principles by most stakeholders has
led to an increasing effort by SADC/WD, LIMCOM, and the
national water departments to promote greater participation
in local water management. IWRM has been integrated into
many of the region's policies and management frameworks,
and even into national growth and development plans in a few
countries (notably Zambia in their 5™ National Development
Plan). Much of this change calls for decentralized decision
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making; however, the lack of operational and technical
capacity required for successful IWRM implementation
prevents agencies from fulfilling their mandates. Inevitably,
local stakeholders' voices remain unheard. This is an example
of policies developed at a political economy level that prove
difficult to implement at a local economy level. This is
because the technical and operational aspects (and impacts)
of implementation have not been clearly thought through.
Collaborative efforts by local communities, environmental
NGOs, and commercial farmers (e.g. the Tuli Block Farmers
Association) have had limited success in countering mining
and energy inferests. Noticeably missing from the debate are
the voices of the subsistence farmers and the rural poor who
populate the nearby areas.

3.1.5.1 The downstream vulnerability of Mozambique
Emerging from an extended period of civil war and political
conflict, Mozambique is only just beginning fo realize its
economic growth and development potential. Continued,
accelerated development in Mozambique is dependent
upon the supply of water resources for growing industrial,
agricultural, and domestic use. Over half the country's area
is positioned in an international water basin, with more
than 50% of the country's surface water emanating from
river inflows from upstream countries (Tauacale, 2002).
Mozambique serves as the downstream riparian for eight
international river basins systems, and this equates to
highly vulnerable national water security. Mozambique's
dependence on upstream riparians for responsible
and equitable water use explains the country's level
of commitment to transboundary water management
through SADC/WD, the Zambezi Watercourse Commission
(ZAMCOM), and LIMCOM. The dependency of flow-through
into Mozambique is contingent on South Africa maintaining
a high level of water governance, allocating a fair share
downstream and being efficient in its use of water.

3.1.5.2 Information and Communication Systems
in the Limpopo River Basin system

Robust communications enable the essential tools of
transboundary water management, governance arrangements
and policy. The accurate and consistent collection of many
different types of data across many different fields of
expertise is essential. An important role for LIMCOM is data
quality assurance, including the methodology of collection.
Critically, LIMCOM (and SADC/WD) acts as the information
communication mechanism. Fieldwork underpinning this
analysis has shown that good data exists to support water
management, but is not well communicated nor widely
disseminated to users and decision makers - particularly at
localized levels. Local stakeholders will therefore continue to
lack influence over national policies that affect them. Moreover,
this is not a solid foundation for regional cooperation and
effective transboundary water management. Benefit sharing,
a central enabler of regional cooperation, can only be effected
when stakeholders understand benefits and consequences.
Devolved communications are a critical success factor.

It is also the role of water management entities to
continuously identify significant information gaps and

to secure feasible ways of resolving these. For example,
telemetric monitoring of water levels is deficient, particularly
in the Botswana and Zimbabwean portions of the basin,
resulting in a paucity of much-needed data. National
mechanisms for data management are outlined below.

Botswana

Under the Ministry of Minerals, Energy and Water Resources
(MMEWR), the Department of Geological Survey is charged
with conducting groundwater assessments, capturing and
disseminating data to the public, monitoring private sector
groundwater exploration programs, and advising the planning
and management of water usage in the country. In the
absence of one national platform for hosting hydrogeological
data, the DWA maintains several separate datasets, which
were last compiled in the National Water Master Plan Review
completed in 2006.

Mozambique

The DNA oversees the water agency, ARA-Sul, which is
responsible for the river basins in southern Mozambique
and the collection and management of hydrogeological data
in the Limpopo River Basin. Data collection is sparse due
to inconsistent accessibility to sample collection sites (due
to flooding or physical distance from testing facilities) and
few operational hydrometric stations. Data is limited to water
levels and stream flow, and does not yet include groundwater
levels, water quality or sediment transport. All data collected
in Mozambique is linked to the SADC Hydrological Cycle
Observing System (SADC-HYCOS) system.

South Africa

South Africa has the most advanced data collection and
reporting system, and therefore provides the bulk of reliable
data for the basin. Data is collected through a network of
regional monitoring stations and is compiled by the DWA
into the three main systems: surface water, GIS data and
water quality, and groundwater.

Zimbabwe

ZINWA is responsible for overseeing the collection
and publication of hydrogeological data; however, the
decentralization processes, along with Zimbabwe's political
instability, has resulted in a paucity of reliable data. Very
little information exists regarding water quality, surface water
levels, borehole locations, or groundwater levels.

3.1.5.3 Regional and Basin-level collaboration

Regional collaboration in basin-wide research and
communication has been limited. A common platform for data
sharing is one of the most important steps tfoward meaningful
fransboundary decision making in the basin, yet a functioning
platform for hydrologic data has not been realized. Botswana,
Mozambique, and Zimbabwe lack some of the technical and
personnel capacity to implement and maintain extensive
data gathering projects. In fairness, most South African data
and information regarding water flows, as well as policies and
strategic plans, have been placed on the Internet as an open
resource, free for all riparians to interrogate.



Despite the regional recognition of the scarcity of water and
of the extent of land degradation in the Limpopo River Basin,
development of the water resources continues and there are
few implemented policies in place to rehabilitate degraded
land and declining biodiversity. The long-term future for the
basin is extremely constrained by land degradation, reduced
biodiversity and limited water resources, as well as the search
for large inter-basin transfer schemes. Such schemes would
bring in more than the four basin riparian parties, expanding
them to the eight that are riparian to the Zambezi River, which
include Angola, Malawi, Namibia, Tanzania and Zambia. The
complexity of water management in the Limpopo River
Basin is thus becoming substantially more complex and will
be increasingly constrained by the interests and agendas of
a wider community - post-conflict peace building agendas
notwithstanding. Politically, the region appears to operate
on separate internal political agendas with regard to water
and biodiversity. Climate change is set fo exacerbate this
situation. Further, with Mozambique's unique position as a
receiving country (while all other riparians are contributors),
the relationship with respect to water management between
the countries is not straight-forward. South Africa continues
to generate 80% of the flows in the basin and dominates the
economics and abstractions.

3.2 Biodiversity

Ministries play a vital role in the management of biodiversity
across the basin. In order to assess the dynamics of the
institutions operating in the Limpopo River Basin with a
specificfocus on biodiversity, a scoping matrixwas constructed
to link the institutions driving biodiversity management with
the biodiversity programs in the basin system (Appendix
1). Acknowledging the rapidly evolving institutional base in
this sector, the biodiversity matrix report shows that there
are more than a dozen major institutions working within the
biodiversity sector across the basin system. Four of these are
environmental ministries, which also hold the mandate for
the national climate change portfolio.

Transfrontier Conservation Areas extend conservation
efforts beyond national borders. In order to encourage the
cooperation of Ministries responsible for biodiversity and to
extend fransboundary conservation efforts, the Peace Parks
Foundation and the International Union for Conservation of
Nature (IUCN) play defining roles in establishing Transfrontier
Conservation Areas. The Great Limpopo Transfrontier
Conservation Area is a case in point, which consists of South
African, Mozambican and Zimbabwean land. The area spans
37 572 square kilometers, comprising the Limpopo National
Park in Mozambique, the Kruger National Park in South
Africa, the Gonarezhou National Park, Manjinji Pan Sanctuary
and Malipati Safari Area in Zimbabwe, as well as two areas
between Kruger and Gonarezhou, the Sengwe communal
land in Zimbabwe and the Makuleke region in South
Africa (SanParks, 2014). In Mozambique, the Government
has developed a new Conservation Policy and the Ministry
of Tourism (MITUR) is responsible for implementing
the Transfrontier Conservation Area (TFCA) Program.

The Administracio Nacional das Areas de Conservagao
(Administration of Conservation Areas) is an autonomous
public agency responsible for managing all of the country's
profected areas, while the establishment of the Foundation
for the Conservation of Biodiversity (BioFund) provides the
institutional framework for long-term management and
sustainability of the conservation areas.

SADC plays an important regional strategic and
coordination role but legislative authority is lacking. SADC
published a Regional Biodiversity Strategy in 2006, which
aimed to guide sustainable development within the SADC
region and to build the region's capacity to implement
the Convention on Biological Diversity (CBD). This was a
component of the SADC Regional Indicative Strategic
Development Plan (RISDP) of 2004, which recognized the
importance of natural resources in the attainment of national
development goals. An updated SADC Biodiversity Action
Plan - the value of which is sfill to be determined - was
presented by [IUCN ESARO and approved in May 2013 (IUCN,
2013). The work done by IUCN and SADC in biodiversity
emphasizes the harmonization of biodiversity policies for the
region, increased cooperation between countries and a more
focused effort by member countries themselves. However,
much of the biodiversity agenda remains a national concern,
with the guiding role that international organizations could
play being limited by the political agenda and mandate
of governments. Without legislative authority to conserve
cerfain biodiversity areas, it is unlikely that international
organizations will be effective in their conservation mandate
without the support of governments.

Most of the well-established biodiversity institutions are
located in South Africa. The matrix report shows that South
Africa has a larger number of well-established biodiversity
institutions operating in the Limpopo River Basin than
Botswana, Mozambique and Zimbabwe. The South African
National Biodiversity Institute (SANBI) and South African
National Parks (SANParks) are two such institutions, which
are relatively well capacitated and provide valuable work in
biodiversity conservation and management. It thus seems that
South Africa possesses comparatively heightened capacity
and better resources in relation to the other riparian states of
the basin. Given the fact that biodiversity conservation remains
largely a national prerogative, it is likely that South Africa will
remain at the forefront of conservation within the basin.

All four countries have committed significant areas to
national protection, but the rate of implementation varies.
There are national parks implemented across the basin where
no hunting or extraction of wildlife or biodiversity is allowed.
The success of these formally protected areas depends largely
on the ability of the state fo ensure their functionality and to
prevent poaching; however, if managed with sufficient capacity,
the legislative authority of these areas provides the highest
level of protection. Protected areas include national parks and
marine protected areas managed by the national government,
public nature reserves managed by provincial and local
governments, and private nature reserves managed by private
landowners. There are a number of other formally protected
areas within all four countries with classifications such as
State Forest Areas (Zimbabwe), Safari Areas (South Africa,
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Zimbabwe and Mozambique), and National Monuments and
World Heritage Sites (Botswana, Zimbabwe, South Africa and
Mozambique); however, levels of protection and effectiveness
differ significantly between these countries and sites.
According fo the World Bank, national ferrestrial protected
areas (as a percentage of total land area but excluding
marine areas) are 6.2 percent in South Africa; 27.2 percent
in Zimbabwe; 37.2 percent in Botswana and 17.6 percent in
Mozambique respectively. Difficulty has been experienced in
Wildlife Management Areas (Botswana and Zimbabwe) - areas
that are formally recognized as conservation areas but are
managed in partnership with local communities. Some level
of resource use and extraction from these areas is allowed;
however, these are not meant fo prejudice the health of the
ecosystems (Parry and Campbell, 1990).

There are a significant number of institutions working in
the Limpopo River Basin which deal with biodiversity as a
sub-sector. These range from academic institutions such as
universities, o development banks such as the Development
Bank of Southern Africa (DBSA), and donor organizations
such as USAID. In terms of regional work, organizations
which specialize in biodiversity are the United Nations
Human Settlements Program and the International Food
Policy Research Institute; however, there are a large number
of organizations which deal with a range of themes, including
climate change and water, alongside biodiversity. To name
just a few, the United Nations Development Program (UNDP),
Global Water Partnership (GWP), Food, Agriculture and Natural
Resources Policy Analysis Network (FANRPAN), and the Center
for Environmental Economics and Policy in Africa (CEEPA) are
such institutions. Interestingly, a similar institutional map of
the water sector shows hardly any institutions that have either
climate or biodiversity as a sub-sector. The majority of the
institutions represented in the ‘water’ matrix are either national
water boards and associations, or national ministries in charge
of water affairs and water resource management (Appendix
2). This may mean that biodiversity is not yet a high enough
national priority to demand such state-driven attention, or
that biodiversity management is more successfully achieved
through cooperative work with other themes such as climate
change. The scoping matrix report also reveals a predominance
of South African institutions in comparison to those of the
other riparian countries of the basin.

3.3 Climate change

The institutional structure of climate change work in the
Limpopo River Basin is much less concentrated than that
of water or biodiversity, with many organizations operating
with climate as a sub-sector rather than their primary focus.
National environmental departments of the four riparian
countries are such institutions, dealing with climate change
as only one of their many mandates (OneWorld, 2013).
Adaptation to climate change in southern Africa is
highly localized and local institutions and government are
the mechanism by which external interventions are able to
facilitate adaptation. Local institutions thus determine the
effectiveness of adaptations through the incentives they
create in attracting climate change interventions (Agrawal,
2010). There is a paucity of literature about the importance

of institutional arrangements in climate change adaptation;
however, regional Southern African climate change strategies
and plans are limited. Climate change remains mostly a
national agenda within the countries sharing the Limpopo
River Basin.

All four of the countries within the basin have ratified the
important global climate change conventions. These include
the UN Framework Convention on Climate Change (UNFCCC),
which came into force in 1994, and the Kyoto Protocol. There
are several regional responses to climate change which
operate through the basin, either implemented by sub-
regional inter-government organizations such as SADC, or
through development partner funded programs sponsored
through civil society organizations and consultancies.

SADC's focus on climate change tends toward early
warning systems of droughts and floods, such as SADC's
Task Force for Monitoring Weather Conditions. The SADC
Climate Services Center is located within the SADC Food
and Natural Resources Secretariat, the SADC secretariat
that holds the regional mandate for climate change. Other
SADC climate outlook units include the Regional Early
Warning Unit, the Regional Remote Sensing Project, the
Famine Early Warning System and the Climate Services
Center (previously known as the Drought Monitoring Centre)
(Chishakwe, 2010).

Much of the authority to respond to climate change
remains within national borders. In terms of the national
climate change agenda, strategies and programs are
spearheaded by national governments with funding from
either internal government sources or external funders.
Although some programs implemented by civil society
have support from government, much of the authority as
to which institutions will deal with climate change and how
strategies and plans will be implemented remains within
national borders.

South Africa has by far the largest mitigation, adaptation
and supporting measures in place where departments of
Energy, Environment, Water and Agriculture are all somewhat
involved in the climate change agenda. The climate change
agenda has also been incorporated into local government
in South Africa, with the City of Cape Town and eThekwini
Metropolitan Municipality being leaders in their approach
to localized involvement in climate change. South Africa
also has a National Implementing Entity (NIE) accredited
through the Adaptation Fund Board, allowing the country
direct access fo the Adaptation Fund.

Zimbabwe, in comparison, shows a limited amount of
national involvement with the climate change agenda, with
the initiative of Coping with Drought and Climate Change
Project being one of the few national initiatives. The country
currently has a robust Draft Climate Change Response
Strategy and Action Plan on the table for participatory
review and consultation prior to finalizing (Takawira and
Petrie, pers. comms, 2014). The first draft of the National
Climate Change Response Strategy has been written and
is expected to result in a published Climate Change Policy
and a National Action Plan for adaptation and mitigation in
the near future (Gogo, 2013).

Botswana's national approach to climate change has
also been relatively limited, with the initiatives of the United



Nations program on Reducing Emissions from Deforestation
and Forest Degradation (REDD) and Land Use, Land-Use
Change and Forestry (LULUCF) being the two main drivers
of climate change mitigation initiatives. Botswana, like
Zimbabwe, has only recently engaged with the creation
of a national climate change strategy. In 2013, Botswana
convened an inception workshop to initiate a stakeholder-
focused process for the development of a National Climate
Change Policy and Comprehensive Strategy and Action
Plan (NCCSAP) (Musonda, 2013).

Mozambique has probably made the most progress in
developing both climate change response strategies and
establishing clear, mandated institutional arrangements for
cross sector collaboration. In terms of policy, the country's
disaster relief agency, Instituto Nacional de Gestdo de
Calamidades (INGC), developed a climate and disasters
strategy which was published in 2010 and underpinned
by a number of detailed studies and analyses. MICOA, the
Ministry for Coordination of Environmental Affairs, led the

development of an approved climate change response
strategy, which included public consultations and was
published in late 2012 (Artur and Tellam, 2013). The country's
institutional arrangements have also been cabinet approved
and mandated for cross-sector collaboration in responding to
climate change. In February 2013, Mozambique launched its
green economy policy, while CONDES, the Ministerial Council
for Sustainable Development, includes climate change under
its mandate. A fechnical committee on climate change,
which has a recently appointed, full-time coordinator, advises
the CONDES Ministerial Council. This committee comprises
representation from the sectors considered to be the
most vulnerable to climate change in Mozambique. Lastly,
Mozambique has also been positioning itself fo improve
its climate finance access and absorptive capacity, with its
environmental fund, FUNAB, undergoing accreditation for
direct access of climate funds from the Adaptation Fund.
This also positions the country for accessing the Green
Climate Fund (GCF).

3. GOVERNANCE IN THE LIMPOPO RIVER BASIN - A SYSTEMS APPROACH
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The design of the RESILIM Program supports much needed
endeavors to open the flows of the Limpopo River Basin and
strengthen important ecosystem services. Attaining these
two objectives will require interventions fo complete critical
research gaps, build resilient institutions and implement
essential adaptations to climate change, while at the same
time enhancing biodiversity conservation and improving
water quality and flows, but will result in long-term resilience
across the basin system.

Water scarcity and poor water quality (further threatened
by climate change) may well become the driver of regional
cooperation in SADC's many shared river basins, including
the Limpopo River Basin. Ultimately, vested national interests
can only be secured in a water secure environment and the
resources in the basin are potentially too valuable to let go.
The alternative is conflict; however, it is likely that the current
post-conflict reconstruction, development and peace building
imperative will prevail. It is evident that building resilience
and opening water flows in the basin can only be achieved
through transboundary and collaborative interventions and
through a systems approach. A piecemeal approach will have
little, if any, impact.

Although South Africa, as both the main abstractor and
generator of water, is the hegemon in the Limpopo River Basin
(now and historically), there are drivers at play that point to
a different future. Resource competition is becoming fiercer
as the basin's populations grow and urbanize, previously
underdeveloped economies enjoy accelerated expansion,
political power starts fo shift, and the risks of climate change
are realized.

4.1 Building institutions for resilience
- and strengthening the political
economy

Resilientinstitutions are a critical success factor to strengthening
adaptive capacity and building resilience. Strong institutions,
built on a shared vision, are needed to redress the balance
of power in the Limpopo River Basin system. The status quo
review of the political economy and institutional arrangements
at play across the basin system (see Chapter 3) highlights the
inconsistencies across countries and sectors. South Africa
stands out as having the most robust institutions across all
three sub-systems and, unsurprisingly, the water sector
has the most mature regulatory framework. In addition, the
challenges of having an embryonic and under-resourced RBO
(LIMCOM) leading the way to implementing a shared vision for
regional cooperation and benefit sharing is discussed.

Research conducted by various regional institutions and
experts (Aurecon 2013, Ashton, 2008) demonstrates that
more rigorous control is required over water abstraction
across the basin. This involves transboundary planning,
review and decision making, as well as monitored, national
implementation. Only a coherent body of knowledge, both
existing and new, can inform sound transboundary and
national decisions and implementation. Packaging this
strategically to support decision making is an important role
for LIMCOM, supported where possible by national water and
catchment management agencies, as well as the SADC/
WD. As demonstrated by the robust regional research drawn
on in developing this report, regional expertise does exist
and can be used to enable the RBOs to deliver useful, local
knowledge and fill critical research gaps.

The basin and national level enabling environment needs
to be strengthened. Taking the lead from the SADC Multi-
Stakeholder Water Dialogue held in Lusaka in October 2013,
policy dialogue should be systems-based and coordinated
by LIMCOM and SADC/WD. All three sub-systems need to
be involved, and strong institutions are needed for effective
participation in these processes fo ensure both equitable policy
development and feasibility of implementation. Although
most countries in the basin system have undergone water
sector reforms, not all are complete, and alignment between
countries on some important aspects (such as implementing
decentralized approaches to water management and
implementing IWRM principles) is needed. Moreover, the
differences in maturity of policies and regulations between
water, biodiversity and climate is significant - although
unsurprising. Basin-scale adaptations mean engaging
legislative and governance approaches across all sub-systems
in all four riparian countries to encourage greater rigor in
protfecting the resources for the mutual benefit of all. LIMCOM,
supported by SADC/WD and regional expertise, can facilitate
the process of reducing the differences and aligning the
regulatory frameworks where appropriate.

The adaptation strategies to be developed, through
RESILIM, may well be the working fools with which to
catalyze transboundary co-operation and binding regulatory
frameworks.

Institutional mandates need to be reconsidered. In all
instances, mandates needto be clear, realisticand measurable.
For example, what can realistically be expected of LIMCOM
in terms of deliverables? What is needed from national
institutions and those representing other transboundary
sub-systems to promote collaborative resilience building that
ultimately enhances national interests?

The political and local economies need to be strengthened
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and brought closer together. South Africa, in the role of major
abstractor, is in a position to lead, promote and implement
regional cooperation, primarily through setting an example -
and not as the Limpopo River Basin system hegemon. As a
recent addition to BRICS, South Africa is acquiring growing
donor status in Africa, starting with the re-establishment of the
African Renaissance Fund as the South African Development
Partnership Agency (SADPA). SADPA, under its principle,
the Department of International Relations and Cooperation
(DIRCO), would do well to promote, in real terms, regional
cooperation through partnership (Lucey and O'Riordan, 2014)
- starting in the water sector in support of LIMCOM. In so doing,
it is critical that the needs and practices of the local economy
are carefully considered. In other words, policies and regulatory
frameworks that promote fransboundary cooperation through
water management will not work if local level operational and
technical issues are not taken into account.

Box 4.1 The role of social programs in securing biodiversity

Developing countries have to find innovative ways
of protecting their biodiversity in the face of strong
development needs. Public budgets are limited and
trade-offs are required as fo where money is spent.
Often these choices favor economic growth and job
creation rather than ecosystem protection. Combining
these two - the need for jobs and biodiversity
preservation - provides a potentially powerful
resilience-building tool for the basin. Public Works
Programs, which aim to alleviate poverty and create
employment while providing a public good such as
healthy natural resources, are one such tool.

In terms of accelerating the pace of change of
policy, using the combined benefit of employment
and environmental protection/restoration is useful.
Additionally, monetizing the cost to society of a decline
in an ecosystem can act as further impetus for policy
change. In this way, the costs and benefits of such a
program can be explicitly weighed up.

The Working for Water, Fire, Wetland and Woodlands
projects are part of the South African Expanded Public
Works Program Policy (located in the Department of
Environmental Affairs) to alleviate poverty by creating
employment. They serve as useful examples for the
basin about a potential means of protecting/restoring
the basin's biodiversity.

Working for Water: (WfW) initiated in 1995, is an
innovative conservation initiative that clears alien
invasive plant species (estimated to have reduced
South Africa's MAR by approximately 7%) along
cafchment areas. More than one million hectares of
invasive alien plants, currently the biggest threat to

4.2 Important research gaps exist

As discussed, a strong body of knowledge is a prerequisite
to coherent regional and national planning, decision making
and implementation. It is also crifical that this knowledge
is accepted by the basin countries, meaning that the
local development context is apparent, transparent and
understood.

The studies underpinning this synthesis report have
not included an extensive analysis of the research gaps
in the basin and so this report draws only on what has
been observed. One key research gap (possibly the most
important) is an economic analysis for planning and decision
making. Transboundary and national planners, as well as
donors and development partners, need to understand the
costs of the different uses of an increasingly scarce resource
and the related benefits. Cost Benefit Analyses (CBA) can
guide the resilience building investment process and provide

plant and animal biodiversity in South Africa, have
been cleared. WfW has provided jobs and training
for about 20,000 people with over 300 projects in
all nine provinces and has sustained political support.
The WfW program focuses solely on improving water
delivery and as a result two programs evolved tfo
promote habitat restoration.

Working for Wetlands: (WfWet) restores and
rehabilitates South African wetlands (of which 65% are
under threat). Using National Freshwater Ecosystem
Priority Areas (NFEPA) wetland rehabilitation is
planned on a catchment scale and involves re-planting
in degraded areas. In the 12 years since its inception,
70,000 hectares of wetland area have been secured
or restored, while providing 12,848 work opportunities.

Working for Woodlands: Working for Woodlands
incorporated two programs in the Albany Thicket
Biome in the Eastern Cape, South Africa, namely the
African Rural Initiatives to Sustainable Environments
(ARISE) and the Sub-tropical Thicket Restoration
Projects. Intensive livestock farming has caused
extensive degradatfion of these vulnerable succulent
thickets which are part of the Maputaland-Pondoland-
Albany Biodiversity hotpot.

Working on Fire: (WoF) launched in September 2003,
has fully trained over 5000 veld and forest fire fighters
(of which 85% are youth) and appears to have impacted
on improving livelihoods. WoF promotes the prevention
and control of wildfires and aims to support Integrated
Fire Management (IFM) practises in South Africa.



critical information, such as the investment costs and
expected economic benefits of resilience building actions
(e.g. restoring degraded land along the river - see 4.3 below).

Monitoring the progress of climate change is another critical
research gap. Weather prediction systems are needed not only
for improved forecasting, but also to monitor the changes in
climate, both gradual and extreme. The latter is predicted
to become more frequent and intense. It will be immensely
useful fo the Limpopo River Basin system, and the region as
a whole, fo be able fo track the extent of these changes and
related impacts (financial, economic and livelihood costs). Not
only will this aid planning and inform risk management and
preparedness, it will also strengthen the region's arguments
in the multilateral negotiations on issues such as Loss and
Damage.

In terms of enhanced knowledge on biodiversity, nuanced
analysis of biodiversity patterns across the Limpopo River
Basin system is required. Whilst there is sound knowledge of
where the high priority biodiversity areas are, strong evidence
of related patterns and trajectories of change is missing. For
example, that seasonal rainfall affects vegetation-fire dynamics
is understood. However, how these dynamics will shift in the face
of changing temperatures, and to what extent, is not known.
Also, whilst we know which species are endangered, we do not
know the related implications for ecosystems services such as
food production or eco-tourism, or how the loss of endemic
species might impact crucial biodiversity feedback systems.
Recent research particularly highlights the need to strengthen
understanding of the crucial links between biodiversity and
agriculture, since much of the basin's economic and livelihood
activities are based on food production.

Planning for a resilient future in the basin system will
benefit from futures scenarios. Planning for a changing
climate is one issue, but planning for a different climate in
a future development context is another. Scenarios, as a
means of planning for uncertainty, allow for informed, yet
flexible decision-making. Scenario planning for the future
is also useful in bringing different decision making groups
and countries together in a collaborative process. These,
and other interventions, will be important as the basin
organizational system starts planning for proactive conflict
management and possible dispute resolution mechanisms
in a resilient basin. Participatory analysis in scenario planning
(and other analyses) is highly recommended as a mechanism
for bringing the local and political economies closer together.

There is a paucity of information available on the economic
value of biodiversity and related ecosystem services.
Specifically, understanding the value of biodiversity, as well
as the value of eco-reserve or biodiversity buffer zones,
will also provide the economic argument for protecting the
high altitude catchments in the basin. Generally, being able
to make an economic case for taking action, alongside a
social and/or environmental case, helps promote political
will and decision making. In many instances in the field
of biodiversity, while important for creating jobs, social
programs such as Working for Water (see Box 4.1), are the key

to biodiversity security. The economic benefits of this may
only become explicit through ecosystem services (improved
food production, enhanced water flows and improved water
quality), but are likely to be significant. For example, research
has shown that Payment for Ecosystem Services (PES) has
emerged in South Africa through the establishment of the
Government's WfW program, and the way in which the new
Water Act has paved the way for future development and
expansion of this financing system (Turpie, 2008).

More detailed analysis of tipping points or critical
thresholds and understanding the key risks in the Limpopo
River Basin may be required. The analyses underpinning
this report have explored possible crifical thresholds through
the eight representative resilience action areas. These need
further participatory-based analysis for validation before
definitive statements can be made on which points in the
basin system are at a critical threshold and which are not.
Further quantification and modeling of some of the identified
potential tipping points and risks or consequences (of action
or inaction) may also be required.

4.3 Adaptations for resilience-building

The high altitude catchments are centfers of endemism
and high priority biodiversity areas, water producers, and
sustainers of resilience.

Strategic inferventions for opening river flows are needed
at scale throughout the basin. Securing the basin's high
altitude catchments secures water flows upstream for
downstream benefit. Should all the key catchments be
secured, water flows will be sustained - increasing resilience
in the basin. At the same time, protecting biodiversity to
enhance ecosystems also necessitates the conservation of
the mountain ranges where the centers of endemism and
high biodiversity are located.

Protecting and securing the high altitude catchments is
therefore well aligned with the overriding principle of taking
the 'low regrets' option of adaptation, and thus avoiding
committing the basin to only one possible path of future
water resources management and resilience building.
Options must be kept open. Based on the above analysis,
the following paths suggest themselves: a critical focus on
conserving and maintaining the high altitude-high rainfall
grassland and forest catchments.

This and the other important resilience building
adaptations (securing groundwater, improving water quality
and restoring degraded land) will need to proactively be
driven by, and implemented in, South Africa - along with
regional cooperation and support. The largest proportion of
the basin is within the borders of South Africa, and it too has
the highest runoff generation (79%) for the basin in terms
of total catchment areas. It follows that South Africa has the
lion's share of the responsibility fo commit to the protection
and efficiency of resource abstraction - all but two of the
basin's high altitude catchments that need to be secured
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are located within South Africa's borders and fall under
South African jurisdiction. Most management changes and
adaptations for resilience in the basin system therefore must
take place in South Africa.

4.3.1 Securing high altitude catchments

High altitude catchments generate up to 100 fimes more
runoff per unit area than lower-lying, lower rainfall areas
(Middleton and Bailey, 2008). The impact of securing these
across the basin can therefore be at significant scale, as
securing even one cafchment has multiple downstream
benefits. From a hydrological point of view, maintaining
sustainable stream flows into lower parts of the catchment,
particularly during the dry seasons, will result in the
preservation of these areas of water contribution, which are
critically important to the water resources of the basin. It is
for this reason that maintaining the runoff potential of these
areas must be a priority strategy for the continued supply
of good quality water to the surrounding and downstream
lowland farming areas and towns. This recommendation also
supports the published National Protected Areas Expansion
Strategy of the Department of Environment Affairs of South
Africa (DEA, 2008) - a strategy for the conservation of
protected areas to promote ecological sustainability and
climate change adaptation in South Africa. This strategy is
also likely to be well received in Botswana and Zimbabwe,
as increased levels of protection will be afforded to the
Tswapong Hills and the Matopos Hills respectively.

Securing high altitude catchments is especially pertinent
to South Africa as the country generates 60% of all water
in the Limpopo River Basin. Ecosystem functioning and
biodiversity has the important additional payoff of conserving
ecosystem services (water production in the dry season),
thereby increasing the resilience of downstream settlements
with significant transboundary implications and benefit.
Additional payoffs cited in the DEA (2008) strategy include
promoting rural livelihoods and supporting socio-economic
development. It is noteworthy that the report lists areas in
the high altitude catchments also identified in this analysis:
the Blouberg-Langian Reserve (Soutpansberg) (focus area
#5) and the Northeast Escarpment (focus area #29), which
includes the Lekgalameetse and Wolkberg reserves. The
DEA (2008) report also identifies the Waterberg region as a
further area of concern.

Protection of all of these areas is an attainable goal. The
North-East escarpment and mountain uplands are already
majority owned by the state, and increasing protection through
improved governance is achievable. Much of the Waterberg
is managed through (private) game farms or reserves and is
already under a level of protection. The risk and vulnerability
analysis underpinning this synthesis report brings additional
high altitude catchments into focus as requiring increased
protection: Sekhukhune, Strydpoort (just south of Polokwane),
the Tswapong Hills and the Matopos Hills.

4.3.2 Restoring degraded land

A strategy of re-establishing the vegetative (biomass) cover
over large areas of degradation needs to be considered.

Widespread soil erosion is the largest symptom of this
degradation and apart from loss of water-holding capacity
and productivity, it results in high levels of sedimentation in
the rivers and reservoirs. As most of this degradation is a
result of heavy livestock grazing pressure, even in parts of
the basin such as Botswana where population density is low,
reducing the number of livestock on the land is required.
Most of the degraded land is held under customary tenure
and on communal land (FAO, 2004), although privately
owned commercial farms (game, cattle, crops) are a
significant feature of the South African and Botswana
Limpopo River frontage. Livestock farming is one of the
few wealth generating options open to people and is a low
or zero-input based system. Veld management tends to be
poor, increasing the vulnerability of the farmers to climate
shocks, particularly drought (FAO, 2004).

An increased vegetative cover is important for combating soil
erosion, as it reduces the erosive impacts of intense convective
rainfalls which drive erosion and sediment transport. Healthy
vegetation is also adaptive fo higher air temperatures brought
on by global warming. Such adaptations would be focused on
the Sekhukune, Capricorn and Vhembe district municipalities
where the problem of environmental degradation is most
severe. Changes in cultural approaches to land management,
as well as farming systems and land tenure, would be required
(FAO, 2004). This will not be easy to achieve because there
is a strong focus in these areas on maintaining traditional
approaches to communal land management and allocation.
Issues pertaining to improving land tenure remain the stand-
out features necessary for securing increased investments into
reducing the degradation and restoring land quality. Changes
such as moving from open access of grazing lands - in terms of
both restricted usage and decreased livestock density whereby
water flows and stability should increase - would need fo be
undertaken incrementally. Land tenure changes are complex,
necessitating new approaches fo policy and traditional, private
and public land usage. Diversion of people into other economic
opportunities is urgently needed as a way of managing the
effects of such a change. Although options for diversification are
offen not available, the land restoration process can be designed
to include socio-economic opportunities such as alternative
farming practices and diversification of farming activities. These
activities could, for example, include 'farming water’ where
government programs, or private industry, pay for the benefit of
increased water conservation and flows (see Box 4.1).

4.3.3 Enhancing water quality

The problem of poor water quality, particularly in the Olifants
and Crocodile (West) river systems, requires sustained efforts
fowards improvement. Improved quality of water in the river
systems means a greater quantity of water is available for
maintaining aquatic ecosystems and for abstraction and
use in domestic and farming systems. There is, however,
little information regarding the necessary ecological reserve
across the Limpopo River Basin, evident by the scant
attention given to it by recent basin-wide assessments
(see Aurecon, 2013). This gap in knowledge needs to
be redressed. The acidic decant from defunct coal mines
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River Basin.

on the Mpumalanga Highveld must be neutralized. New
mining ventures in this region require close attention fo their
environmental management and waste streams, meaning
a more stringent regulatory environment and enforcement
thereof. The problem is best tackled on a sub-basin by sub-
basin approach, in which the greatest contributors to poor
water quality are resolved first. This might be the decant
from defunct coal mines in the upper Olifants River tributary
or the exceptional eutrophication in the Crocodile River.

4.3.4 Seasonal weather forecasting

An improvement in the understanding of regional climate
circulation and behavior with respect fo the El Nifo Southern
Oscillation (ENSO) and the Indian Ocean dynamics is
required. Current seasonal climate projections for southern
Africa at the SADC Climate Services Centre, as well as other
academic institutions in South Africa, have had a relafively
limited success rate in forecasting seasonal rainfalls. Coupled
with a lack of capacity regarding utilization of the outputs,
this begs the question as to whether they add sufficient value
(Dr P Johnston, pers. comm.). Improving the situation would
require some sustained investment info regional climate
modeling and climate behavior. This should be aimed at a
more accurate medium-term prediction of droughts, which
will enable decision makers within the region to implement
change management strategies of, for example, water

resources. This intervention will require a focus on the climate
science of the region and should specifically look at the
relationships between ENSO, the Indian Ocean dipole and
the position of the Intertropical Convergence Zone (ITCZ).
Climate-land surface interactions will also need to be better
accommodated info this research. At present, much of the
climate-based science appears fo be going info Global
Circulation Models (GCM) projections five to seven decades
info the future. It would be more useful fo focus on a shorter-
tferm objective of understanding how regional atmospheric
circulatory changes and Pacific and Indian Ocean dynamics
can be used tfo derive improved shorter- to medium-term
projections of the likelihood of drought.

Severe storm warnings are already a focus of the South
African Weather Service (SAWS), which serves the southern
African (SADC) region, but there remains a large amount
of work to be done to reduce the human impact and severe
displacement of people when major floods occur in the
Lower Limpopo region. Much of this has fo do with farming
systems within the Lower Limpopo River floodplain, which
is intensively cultivated. Floods will be unavoidable and
people will continue to farm the floodplain, therefore, the
most effective responses will be to target how and where
settlements are located, how early warnings are distributed,
and what the appropriate responses are in the face of an
oncoming flood.
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Box 4.2 Adaptations in Mozambique

In order to build a localized effective early warning
system in flood-prone areas in Mozambique, a
decentralized system has been implemented in key
areas. For example, a simple system is used whereby
selected individuals in villages are entrusted fo
measure precipifation levels and gauge river levels.
If the level increases beyond a cerfain point, radio
messages are immediately sent by trained assistants
from the local population, and a coordination
center assesses whether to issue a flood warning.
Megaphones or radio announcements are then used
fo spread the message rapidly. In order fo increase
local resilience, structural disaster reduction strategies
are used via buildings that serve a dual purpose.
For example, a classroom block in Maniquenique
functions as a classroom in low risk periods and as
a safe haven in high risk periods. The building was
built with wooden poles, cemented pillars and lateral
structures, corrugated iron sheets and a reinforced
roof (Cadribo, 2012).

4.3.5 Groundwater

A greater focus on groundwater is required throughout the
Limpopo River Basin. The 2009 SADC Multi-Stakeholder
Water Dialogue, held in Johannesburg, correctly introduced
a focus on this often ignored issue. Groundwater will be
one of the key resources that will maintain the economy in
the basin (Ashton et al, 2008; Aurecon, 2013), and these
have already occurred to some extent in parts of South
Africa and Botswana. Forward thinking, careful monitoring
and the management of the land surface (e.g. not locating
pit latrines on a shallow dolomitic aquifer system as is the
case in Ramotswa) are required. Future developments and
exploitation of groundwater resources in the Mozambican
part of the basin are an important opportunity in this drought-
prone area that is primarily dependent on agriculture for its
economy and livelihoods. The careful management and
preservation of groundwater resources across the basin will
become a critical element of future sustainability.

Climate changewill likely have alarge impact on groundwater
in the basin if it affects the rate of recharge (the water flux
from the surface to the water fable, replenishing depleted
reserves that may have been drawn down through borehole
abstraction). This will happen primarily if the frequency and
intensity of severe weather can generate sufficient surface
flow to produce enough percolating water able fo penetrate
beyond the root zones of most plants, and then contribute fo
rising groundwater levels. Groundwater levels respond most
strongly to severe storms, with minor storms appearing to
have little impact. The zones with the highest recharge tend
to be those with the highest rainfall, i.e. the higher altitude
catchments. The use of mean annual precipitation (MAP) to
estimate recharge is a crude device and recharge estimates
might be better undertaken by measuring rainfalls over
certain high thresholds. Other options for improving matters
could be o undertake the following:

—

Establish the locations of preferential recharge zones

2. Research recharge (spatially and over time)

3. Befter identify sustainable abstraction rates over
different parts of the basin

4. Better understand the hydrological dynamics of the
fractured system aquifers, including their sustainable
yield (the unconfined alluvial systems seem to have
been relatively well understood and are exploited very
heavily in some instances)

5. Create physical infrastructure that enhances recharge,
which might include structures to temporarily pool
surface water and encourage infiltration.

6. Apply much greater attention to maintaining the

groundwater infrastructure, including borehole integrity

and pumping capacity.

Overall, groundwater in the basin is the one remaining water
resource that will allow further exploitation, but obviously
substantial caution must be applied in order o maintain a
sustainable groundwater supply.

4.4 The way forward

The transition of the Limpopo River from an ‘open’' river
system to one that is 'closed' is well documented in the
Water Resource Commission Report # 1220/1/04 (Turton
et al, 2004).

A 'closed' system status, meaning there is no water
left to allocate, indicates that an important threshold has
been reached. Rapidly growing populations, urbanization,
accelerated economic development (increasing abstraction
needs for agriculture and industry), along with climate
change, is pushing the Limpopo River Basin system to a
critical threshold, placing existing flows in the basin at risk
and threatening livelihoods, economies and biodiversity.
The only way to avoid this tipping point is to protect critical
biodiversity and what it represents, thereby opening and
sustaining flows in the basin.

Taking an adaptive management, or learning by doing
approach, in undertaking the restorative and protection measures
(outlined in 4.3) will largely mitigate the risk of the basin system
reaching this point of no return - particularly if these actions are
taken collectively. In particular, participatory analysis emphasizes
that high level governance arrangements, including developing
and entrenching a shared vision for managing the basin - or
top-down solutions - need to be developed simultaneously with
bottom-up adaptation options. This is because solutions are
needed at both the political and local economy levels, and such
an inclusive, integrated approach has the added advantage of
improving policy.

In their capacity as decision makers, people are the key
to unlocking the basin's potential and to preserving what
exists. Therefore, as the remainder of the RESILIM Program
moves from gathering evidence to focusing on validating and
designing the key transboundary adaptation and resilience
building strategies that will secure the future of the basin, a
stakeholder-led process that includes participatory analysis
is recommended.
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Exposure: The character, magnitude and rate of climate
change and variation to which a system is exposed.

Sensitivity: The degree to which a system is affected,
either adversely or beneficially, by climate variability or
change. The effect may be direct or indirect.

Adaptive capacity: The ability of a system fo adjust
to climate change (including climate variability and
extremes) to moderate potfential damages, to take
advantage of opportunities, or to cope with the
consequences.

Impact: The effects of climate change on natural and
human systems. (Potential impacts: all impacts that
may occur given a projected change in climate, without
considering adaptation)

Risk: The probability or threat of quantifiable damage, loss,
or any other negative impact that is caused by external/
internal vulnerabilities, and that could be avoided by
pre-emptive measures

Vulnerability: The degree to which a system is susceptible
to, and unable to cope with, adverse effects of climate
change, including climate variability and extremes.
Vulnerability is a function of the character, magnitude and
rate of climate change and variation to which a system is
exposed, its sensitivity, and its adaptive capacity.
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APPENDIX 4

Variables and equations used
for Risk and Vulnerability Mapping

The equations for mapping risk and vulnerability, their variable names, weightings and sources
of data are explained below. The original reference for this approach is Midgley et al., (2012).

Equations

Exposure summary layer (status quo ca. 2008):

(max2methsraincy * 2) + (E_mcv_monthly * 2) + (E_cyclones * 2) + (floodfreq * 2) + (SPI * 2)
+ (firefreq * 1) + (E_dis_event * 1) + (E_dis_affect * 1)

Sensitivity summary layer:

(S_irrigated * 3) + (S_app_NPP * 2) + (S_rain_pp_crop * 3) + (S_popd_agric * 2) + (S_Igp * 2)
+ (S_avail_soilM * 3) + (S_soil_deg * 2) + (S_slope * 2) + (S_npp * 2) + (S_agric_syst * 1)

+ (S_food_prod * 1) + (S_prot_cons * 1) + (S_diet_div * 1) + (S_waterwithd * 2) + (S_water_str * 2)
+ (S_forestloss * 2)

Adaptive capacity summary layer:

(A_pov_infra * 2) + (A_GDP_pc * 3) + (A_abovewt * 3) + (A_educ_ind * 2) + (A_health_exp * 2)
+ (A_malaria * 1) + (A_tsetse * 1) + (A_HIV_neg * 2) + (A_imp_water * 3) + (A_cell_subs * 1)

+ (A_travelt * 2) + (A_nightlights * 3) + (A_agric_GDP * 2) + (A_water_dis * 1) + (A_irrigpot * 2)
A_conflicts * 1) + (A_governance * 2) + (A_forestres * 1) + (A_biodiv * 2)

+

Table A 4.1: Exposure indicators used under the categories exposure (present), sensitivity and
adaptive capacity.

For the assumed relationship between the indicator and the vulnerability category, the following
was used: Positive = the higher the indicator value the greater the vulnerability; Negative = the lower
the indicator value the lower the vulnerability. (Source Midgley et al.,, 2012)

Variable Indicator Assumed Relative Web links, sources, credits, references
relationship weighting
between indicator within
and category category
max2methsraincv | Coefficient of variation Positive 2 International Water Management Institute (IWMI),
for inter-annual rainfall using the 100 year gridded precipitation dataset

(CRU TS 2.0) developed by the University of East
Anglia. Eriyagama et al. 2009.

Global Risk Data Platform (PreventionWeb), World
Bank, UNEP, UNDP, UN/ISDR. Credit: IRl and
CIESIN (Columbia University). McKee et al., 1993.

E_mcv_monthly Coefficient of variation Positive 2 Worldclim (Hijmans et al., 2005) Bioclimatic
for monthly rainfall variable ‘Bio15'
E_cyclones Risk of cyclones Positive 2 Center for Hazards and Risk Research (CHRR),

Dilley et al., 2005; Center for International
EarthScience Information Network (CIESIN),
Columbia University; International Bank for
Reconstruction and Development/The World Bank;
United Nations Environment Programme Global
Resource Information Database Geneva (UNEP/
GRIDGeneva).
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Table A 4.1 (cont.)

Variable Indicator Assumed REEWT Web links, sources, credits, references
relationship weighting

between indicator within
and category category

floodfreq Risk of floods Positive 2 Global Risk Data Platform (PreventionWeb),

World Bank, UNEP, UNDP, UN/ISDR. Credit: GIS
processing UNEP/GRID-Europe, with key support
from USGS EROS Data Center, Dartmouth Flood

Observatory 2008.
SPI Standardised Positive 2 Global Risk Data Platform (PreventionWeb), World
precipitation index Bank, UNEP, UNDP, UN/ISDR. Credit: IRl and

CIESIN (Columbia University). McKee et al., 1993.

firefreq Fire frequency Positive 2 Global Risk Data Platform (PreventionWeb),
World Bank, UNEP, UNDP, UN/ISDR. Credit:
GlISprocessing World Fire atlas (ESA-ESRIN).

E_dis_event Disaster events: Positive 2 WHO Collaborating Centre for Research on the
Number of events by Epidemiology of Disasters (CRED): Emergency
area Events Database EM-DAT

E_dis_affect Disaster events: Positive 2 WHO Collaborating Centre for Research on the
Numbers affected per Epidemiology of Disasters (CRED): Emergency
population Events Database EM-DAT

Table A 4.2: Sensitivity indicators used under the categories exposure (present),
sensitivity and adaptive capacity.

For the assumed relationship between the indicator and the vulnerability category,
the following was used: Positive = the higher the indicator value the greater the
vulnerability; Negative = the lower the indicator value the lower the vulnerability.
(Source Midgley et al., 2012)

Variable Indicator Assumed Relative Web links, sources, credits, references
relationship weighting within

between indicator category
and category

S_irrigated Percent land Negative 3 The data are an [IASA modification of FAO and
under irrigation University of Kassel (2002), Digital Global Map of
Irrigated Areas v. 2.1.

S_app_NPP Human Positive 2 Columbia University Center for International Earth
appropriation Science Information Network (CIESIN). Imhoff et al.,
of net primary 2004.
productivity

S_rain_pp_ Volume of rainfall | Negative 3 UNEP population database. FAO/IIASA GAEZ.

crop per person on Worldclim. Hijmans et al., 2005.

agricultural land

S_popd_agric Crowding on Positive 2 UNEP population database. FAO/IIASA GAEZ.
agricultural land




Variable

Indicator

Assumed
relationship

between indicator
and category

Relative
weighting within
category

Web links, sources, credits, references

S_lgp Length of Negative 2 The FGGD Digital Atlas: This dataset is contained in
growing Module 4 Environmental conditions" of Food Insecurity,
period Poverty and Environment Global GIS Database (FGGD)

(FAO and IIASA, 2007). ILRI, 2006.
S_lgp Easily available Negative 3 FAO; derived from Digital Soil Map of the World
soil moisture
S_soil_deg Soil degradation Positive 2 Global Assessment of Human Induced Soil Degradation
(GLASOD). Credit: International Soil Reference
and Information Centre (ISRIC) at Wageningen,
The Netherlands, and United Nations Environment
Programme (UNEP). Oldeman et al., 1990.

S_slope Slope Positive 2 Shuttle Radar Topography Mission. U.S. Geological
Survey Center for Earth Resource Observation and
Science (EROS), National Aeronautics and Space
Administration (NASA), National Geospatial- Intelligence
Agency (NGA), ESRI

S_npp Net primary Negative 2 Global Climatological Net Primary Production of
productivity Biomass dataset from CLIMPAG, FAQ. Lieth, 1972.

S_agric_syst Major agricultural 1 World Bank, FAO
systems

S_food_prod Own food Negative 1 FAO. De Wit, 2009.
production

S_prot_cons Protein Negative 1 FAQ. De Wit, 2009.
consumption

S_diet_div Dietary diversity S | Negative 1 FAO

S_waterwithd Water withdrawals | Positive 2 FAO: AQUASTAT

S_water_str People living in Positive 2 WWDRII. African Water Stress Study. Vérésmarty et al.,
water stress 2005.

S_forestloss Forest loss Positive 2 Global Gross Forest Loss; WCMC Global Forests Dataset:

disturbed forests and historic extent of forests; current
extent of forest cover MODIS Vegetation Continuous
Fields. Hansen et al., 2010.
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Table A 4.3: Adaptive capacity indicators used under the categories
exposure (present), sensitivity and adaptive capacity.

For the assumed relationship between the indicator and the
vulnerability category, the following was used: Positive = the higher
the indicator value the greater the vulnerability; Negative = the lower
the indicator value the lower the vulnerability. (Source Midgley et

[s8]

al, 2012)

Variable Indicator Assumed Relative Web links, sources, credits, references
relationship weighting
between indicator | within
and category category
A_pov_infra Infrastructure Negative 2 NOAA: NOAA websites are provided as a public service
Poverty by the U.S. Department of Commerce, National Oceanic
and Atmospheric Administration, National Environmental
Satellite, Data and Information Service. Information
presented on these web pages is considered public
information and may be distributed or copied.. Doll et al.,
2000; Sutton et al., 2007, Elvidge et al., 2009; World
Bank, 2006.
A_GDP_pc Economic wealth Positive 3 United Nations Development Programme (2007)
A_abovewt Malnourishment in | Negative 3 Center for International Earth Science Information Network
children under 5 (CIESIN, 2005), Columbia University.
years old
A_educ_ind Education index Positive 2 United Nations Development Programme (2007)
A_health_exp Health expenditure | Positive 2 United Nations Development Programme (2007)
A_malaria Malaria incidence Negative 1 Malaria Atlas Project (MAP); Hay et al., (2010)
A_tsetse Tsetse fly habitat Negative 1 FAO and DFID. Credit: Environmental Research
suitability Group Oxford (ERGO Ltd) in collaboration with the
Trypanosomosis and Land Use in Africa (TALA) research
group at the Department of Zoology, University of Oxford
A_HIV_neg HIV prevalence Negative 2 United Nations Development Programme (2007)
A_imp_water Access to Positive 3 United Nations Development Programme (2007)
improved water
A_cell_subs Subscribers to a Positive 1 United Nations Development Programme (2007)
cellular network
A_travelt Travel time to Negative 2 European Commission and World Bank. Nelson (2008)
nearest city
A_nightlights Night lights Positive 3 http://www.ngdc.noaa.gov/dmsp/download.html
Image and data processing by NOAA's National
Geophysical Data Center. DMSP data collected by US Air
Force Weather Agency. Doll et al., 2000; Sutton et al.,
200T.




Table A 4.3 (cont.)

Variable

Indicator

Assumed
relationship

between indicator

and category

Relative
weighting
within
category

Web links, sources, credits, references

A_agric_GDP Contribution of Negative 2 http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATI
agriculture to STICS/0,,contentMDK:21298138~pagePK:64133150~piPK:
Gross Domestic 64133175~theSitePK:239419,00.Html
Product World Bank (2007). World Development Indicators (2007)
World Bank, Washington. 432pp.
A_water_dis Water discharge Positive 1 http://wwdrii.sr.unh.edu/download.html
Voérésmarty et al., 2005
A_irrigpot Irrigation potential Positive 2 http://www.ifpri.org/publication/what-
irrigationpotential- africa
A_conflicts Conflicts Negative 1 http://www.prio.no/CSCW/Datasets/Armed-Conflict/
Armed-Conflict-Location-and-Event-Data/; http://www.
ucdp.uu.se/gpdatabase/search.php. Raleigh et al., (2005).
A_governance | Governance Negative 2 http://www.moibrahimfoundation.org/en/section/the-
ibrahim-index
A_forestres Forest resources Positive 1 http://glcf.umiacs.umd.edu/data/vcf/
A_biodiv Forest resources Positive 2 http://www.zmuc.dk/CommonWeb/research/biodata.htm

APPENDIX 4

B




eo]

Copyright © OneWorld 2015

All rights reserved. Apart from any use as permitted
under the Copyright Act, no part may be reproduced
by any process without prior written permission from:
OneWorld Sustainable Investments
2nd Floor, 4 Church Square

Spin Street

Cape Town

South Africa




COMPILED BY:

oNnewa

We build resilient futures

= USAID | SOUTHERN AFRICA LIMCOM

w FROM THE AMERICAN PEOPLE
LIMPOPO WATERCOURSE GCOMMISSION

= = DT T

RESILIM ~ ~ootoee vt e 5o rogom



